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Abstract 
Pre-Late Jurassic basement of the Central Pontides comprises a thick subduction-
accretion complex, amalgamated since Late Palaeozoic. Detailed structural, 
sedimentological and geochemical studies reveal a number of major tectonic units, 
assembled through plate tectonics processes. Two oceanic basins are recognised, 
separated by two different tectonic units. The first is the Devrekanl Metamorphic 
Unit. gneisses and amphibolites at the base, transgressively overlain by 
metamorphosed carbonates. This unit is interpreted as basement of a rifled south 
Eurasian margin fragment. The cover of this unit may be represented by the Palaeozoic 
of Istanbul and Early Mesozoic sequences of the W Pontides. The second unit is the 
Canalda* Comolex, a 10 km-thick, imbricated pile of evolved volcanics and 
volcaniclas tics, overlying oceanic basement, comprising sheeted dykes and basic lavas. 
This unit is interpreted as a Late Palaeozoic south-facing oceanic arc. The northern 
:eanic basin is represented ': the KUre Complex, a structurally thickened wedge of 
siliciclastic turbidites, interleaved with a dismembered, supra-subduction zone 
ophiolite. The KUre Complex is interpreted as a Triassic to Early-Mid Jurassic 
subduction-accretion complex of southward polarity. The southerly basin is 
represented by the Domuzda-Saravcikda* Unit, a Palaeozoic-Early Mesozoic 
subduction-accretion complex of northward polarity, comprising an ophiolitic melange 
in the north and an accretionary prism in the south, both metamorphosed to blueschist 
facies. Meta-basites are of MORB type. Structurally beneath is a collapsed Permian 
carbonate platform, together with its passive margin sequences, both to the north and 
south. Lavas associated with these passive margin sequences are of within plate-type 
without an identifiable subduction component. 
In the proposed model, Palaeotethys was subducted northwards under an active 
Eurasian margin during Late Palaeozoic time, giving rise to a near continental margin 
arc. A continental sliver was rifted off (Devrekani), related to transform and/or active 
margin processes, opening the KUre Basin as a back-arc basin in latest Palaeozoic-
earliest Mesozoic time. A carbonate platform, possibly a Gondwana derived fragment, 
drifted northwards, collided with the trench, subsided and was then overridden by the 
accretionary complex, partially closing Palaeotethys. This collision could have triggered 
southward underthrusting of the Kure Basin, followed by uplift in Late Jurassic time. 
Pre-Late Jurassic granites in the northern Central Pontides could relate to southward 
closure of the Kure basin. 
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CHAPTER 1 
INTRODUCTION: TECTONIC FRAMEWORK OF TURKEY 
WITHIN THE TETHYAN OROGENIC COLLAGE AND THE 
PALAEOTETHYAN PROBLEM IN THE EASTERN 
MEDITERRANEAN 
1.1 Introduction 
The tectonic setting of the massive sulphide deposits associated with 
Palaeozoic-Early Mesozoic ophiolites in the Central Pontides is a long standing 
problem in Tethyan geology. Different tectonic settings have been proposed, 
based on limited geological data. This study is aimed to test these models by 
focussing on the structure, sedimentology and geochemistry of a well exposed 
part of the Central Pontides, covering an area of Ca. 15 000 km 2 . These data 
have allowed a palaeotectonic reconstruction of the Central Pontides to be 
made with important implications for the genesis of massive sulphides. The 
results are also relevant to sulphide ores elsewhere in the Central Pontides. 
The Alpine-Himalayan mountain chain is located between stable Laurasia 
in the north and Africa-Arabia-India, collectively called Gondwana, in the 
south (Fig I. 1). In outline, the following overall tectonic evolution is 
envisaged: The Tethyan orogenic collage was formed by rifting, subsequent 
drifting and final accretion of Gondwana-derived fragments of different sizes 
to the northern active margin of Tethys, i.e. Laurasia ($engdr, 1984). Rifting of 
Continental fragments along the Gondwana margin created new oceanic basins 
behind them. These new oceanic basins, located in the south are called 
Neotethys and the northern, older basin Palaeotethys. Growth of 
subduction-accretion complexes southward along the southern margin of 
Laurasia resulted in gradual southward migration of a subduction front and 
associated magmatism (UstaOmer et al., 1987). Collision of Africa and Laurasia 
in the Miocene greatly reduced the Tethys and now only the Eastern 
Mediterranean Sea remains, itself being consumed northward along the Crete-
Cyprus arc (Robertson and Dixon, 1984). 
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Fig. 1. 1 Tectonic map of the Alpine-Himalayan orogen with the major Alpide 





1.2 Tectonic belts of Turkey 
Geographically, Turkey comprises a ca. 2000 km-long segment of Alpine-
Himalayan or Tethyan mountain chain. 
Turkey is conventionally divided into four tectonic belts (Fig. 1.2; Ketin, 




d: Border folds (Arabian Platform) 
The following general tectonic evolution is based mainly on the work of 
Sengor and Yilmaz (1981), Robertson and Dixon (1984) and is given here as a 
palaeogeographic framework for the present study. 
Each of these tectonic belts is separated by ophiolites and ophiolitic 
mélanges, forming interconnected suture zones of Late Mesozoic and Tertiary 
age (Fig. 1.3). The Izmir-Ankara-Erzincan ophiolitic suture zone separates the 
Pontides to the north from the Anatolides and Taurides to the south. Along 
this suture zone, the northern branch of Neotethys was progressively 
consumed, leading to collision of the Kirsehir Block of the Mesozoic Anatolides 
with the Pontides in the Early Tertiary. The Sakarya continent of western 
Turkey is believed to have been attached to the western Pontides until the 
earliest Mesozoic time when an oceanic basin rifted between them ($engdr and 
Yilmaz, 1981). This basin opening extended to the northern branch of 
'Neotethys' in the vicinity of Gerede-Ankara, leaving the Sakarya Continent as 
an island in the Neotethys. The Sakarya Continent was welded to the W 
Pontides in Late Mesozoic-Early Tertiary time, with closure of the Intra-
Pontide oceanic basin. The resulting suture zone is called the Intra-Pontide 
suture. The Kirsehir Block is part of the Anatolides and is separated from the 
Menderes-Taurus Platform further south by the Inner-Tauride suture. The 
Inner Tauride ocean is believed to merge with the Izmir-Ankara-Erzincan 
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Fig. 1. 2 Tectonic belts of Turkey (after $engOr et al., 1982). The line with 
empty triangles indicate the northern erosional boundary of the Tauride 
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5 
Anatolian accretionary complex; $engor and Yilmaz, 198 1) form the basement 
to post-Miocene volcanic sequences. The Kirsehir Block is made up of high-
grade metamorphic rocks, such as gneisses and amphibolites and is cut by 
granitic intrusions of several ages. The Menderes-Taurus Platform of southern 
Turkey represents dominantly quiet carbonate sedimentation until the 
Tertiary. Two oceanic basins, the Inner-Tauride ocean in the north and the 
southern branch of Neotethys in the south formed in the Triasic, leaving the 
Menderes-Taurus Platform as an approximately E-W trending sliver. The 
southern branch of Neotethys closed in the Tertiary, when the Arabian 
Platform collided with the E Taurides (SengOr and Yilmaz, 1981; Aktas and 
Robertson, 1984). The Border Folds is a result of this collision (i.e. the Bitlis 
Suture). Closure of oceans surrounding the Menderes-Taurus Platform gave 
rise to emplacement of ophiolites and ophiolitic mélanges, together with thrust 
emplacement of marginal deep-sea sediments. 
Northward subduction of the northern branch of Neotethys, i.e. the 
Izmir-Ankara-Erzincan ocean, under the Pontides created an ensialic volcanic 
arc, that was well developed, especially in the Eastern Pontides, in Late 
Mesozoic-Early Tertiary time (Fig. 1.3). Behind this arc, the modern day Black 
Sea opened as a back-arc basin in the Late Cretaceous. Tertiary collision of the 
Arabian Platform with the E Taurides, along the Bitlis suture in SE Turkey 
marks the beginning of the Neotectonic period in Turkey, by which time all the 
oceanic basins within Turkey had closed. Continuing compression of Turkey 
between Arabia and Eurasia created the approximately E-W trending, dextral, 
North Anatolian Transform Fault (NATF), along the southern border of the 
Pontides, and NNE-SSW trending, sinistral, East Anatolian Transform Fault 
(EATF) in the Miocene; the two join in the vicinity of Erzurum-Erzincan (Fig. 
1.4). Tectonic escape of Anatolia westward along these two transforms has 
been active since the Late Miocene. This westward escape ($engör et al., 
1985), or orogenic collapse (Seyitoglu and Scott, 199 1) has resulted in the N-S 
extensional tectonic regime in W Turkey, dating from the Early Miocene. 
1.2.1 The Pontides 
The Pontide tectonic belt of northern Turkey is believed to be of Laurasian 
origin, whilst Anatolides and Taurides are Gondwanian (Robertson and Dixon, 
1984; Sengar et al., 1988; Adamia et al., 1987a, b). The Pontides comprise 
BLACK 	 SEA 	
East Pontide Arc 
V 
.r.:._ . .. 
...... 
%„,,, %%% 	•.P.d•. 0 	 •.?...P.? .%..%.%&j. 
•.d. 










Late Mesozoic-Early Tertiary Ophiolites and Ophiolitic Mélanges "Neotethyan" 
Paiaeozolc-Eariy Mesozoic Subductlon-Accretion Complexes "Paiaeotethyair 
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Fig. 1. 3 Suture map of Turkey. Tectono-stratigraphic terranes of the 
Pontides are shown in detail (after Ustaömer and Robertson, in press. a). 






















Fig. 1 4 Neotectonic provinces of Turkey, controlled by dextral NAP (North 
Anatolian Fault) and sinistral EAF (East Anatolian Fault). The arrows show 
shortening (black) and extension (white) directions (after Sengor et al., 1985). 
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6 
several pre-Late Jurassic tectono-stratigraphic terranes of mainly continental 
origin (Fig. 1.3). These are: the Istranca Massif in the NW. the Istanbul 
Fra2ment in the W and the Bavburt Fragment in the E. The pre-Liassic 
basement of the Sakarya Continent and the remaining areas of the Pontides 
are largely made up of sub duction-accretion complexes, mainly of pre-Late 
Jurassic age (Pickett et al., 1992). 
1.2.1.1 Tectono-stratigraphic elements of the Pontides 
In this section, the basic stratigraphy and structure of each of the main 
units of the Pontides will be presented. This is essential background 
information for later discussion of the Central Pontides area studied in this 
project. 
1.2.1.1.1 The Istranca Massif 
Located in the NW of the Pontides, the Istranca Massif (Fig. 1.3) 
comprises deformed and metamorphosed continental assemblages (Fig 1.5). 
The basement of the Istranca Massif is made up of gneisses and 
amphibolites, cut by metagranitoids of Precambrian. or Palaeozoic age. This 
basement is transgressively overlain by basal metaconglomerates, passing 
upwards into mainly metasandstones, followed by thick platform-type 
metacarbonates of Triassic age. Further up, the carbonates are depositionally 
overlain by relatively deep-water carbonates and phyllites. This part of the 
sequence is believed to be Early Jurassic in age (Aydin, 1974, 1982). The 
sequence is metamorphosed and deformed in the pre-Late Jurassic and cut by 
Middle Jurassic- aged granites. 
1.2.1.1.2 The Istanbul Fragment 
The pre-Late Jurassic units of the Istanbul Fragment consists of an 
unmetamorphosed transgressive, Palaeozoic sequence over a Precambrian 
basement, known as the Palaeozoic of Istanbul, that was deformed at the end 
of the Palaeozoic (Fig. 1. 6a). Early Mesozoic sequences of the Istanbul 
Fragment are confined to a narrow, N-S trending, Triassic basin in the W, in 
the Kocaeli Peninsula (Fig 1. 6b). 
The Precambrian basement of the Istanbul Fragment is made up of 
gneisses and aniphibolites, cut by metagranites (Arpat et a!, 1978). The 
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Fig. 1. 5 Generalised stratigraphy of the Istranca Massif (after Aydin, 1974) 
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Fig. 1. 6. Generalised stratigraphy of the "Palaeozoic of Istanbul (a) and 
Kocaeli Triassic Basin (b; AbdUsselamoglu, 1977; Ustaömer, unpub. data). 	 la 
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Cambro-Ordovician is represented by > 2000 rn-thick, fluvio-marine 
conglomerates, sandstones and siltstone 5, unconfor m ably overlying the 
basement. Quartz conglomerates and ortho-quartzites follow higher in the 
section and were deposited in a littoral environment in Lower Ordovician time. 
Laminated silicious shales with thin (< 1 m) oolithic chamosites in the lower 
part, overlie quartzites with a sedimentary contact (Ustadmer, 1984). Within 
this shale sequence, there are lenses of feldspar-bearing quartzite. The 
sequence suggests deposition in a quiet, inner shelf environment, with sand 
bars located off-shore. This part of the succession is Upper Ordovician in age. 
The shale sequence is overlain by sandstones rich in Lower Silurian faunas. 
Up section, sandstones pass, first, into a shale sequence, with lenses of 
limestones, then into a carbonate-dominated succession of Upper Silurian-
Lower Devonian age. The sedimentological characteristics of the limestones 
suggest Bahama-type platform carbonate deposition. The limestones are 
overlain by Lower Devonian fossiliferous shales, with occasional calciturbidite 
interbeds. The sequence was deposited in an outer shelf environment. 
Further up section, there are fine, nodular limestones, with black chert 
interbeds, especially in the upper part. Fossil findings indicate an Upper 
Devonian age of deposition. Above come slump-folded, black, phosphate 
nodules, bearing radiolarian cherts of Latest Devonian-Earliest Carboniferous 
age. A> 1000 rn-thick quartzo-feldspathic flysch sequence overlies the ribbon 
cherts, with blocks of limestones (Kulm facies) in the upper part. 
The sequence described above implies quiet platform sedimentation until 
the Late Devonian, then rapid subsidence and accumulation of a flysch 
sequence in the Early Carboniferous. 
The upper part of the Palaeozoic sequence of the Istanbul Fragment 
developed in a shallow marine to continental environment, with northerly 
derived clasts in relatively E and NE parts, where coal measures were formed 
in Carboniferous time (Kerey, 1982). This suggests that the N parts of the 
Istanbul Fragment emerged, while the S parts rapidly subsided. 
The Palaeozoic sequence was deformed and intruded by granites in the 
Latest Palaeozoic. 
In the west, (Kocaeli peninsula, Fig 1.3), a north-south trending Permo-
Triassic basin formed on the Palaeozoic of Istanbul (Fig. 1. 6b; Görtlr et al, 
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1985; Ustaömer, unpub. data). The sequence starts with fluvial red clastics, 
with alkaline lava flows in the upper part. Initial transgression occured in 
Early Scythian, when a thin sequence of dolomitic limestones and carbonate 
grainstones and shale were deposited. Above, are micritic limestones and 
many limestones, with occasional oolitic limestone interbeds. These are 
overlain by Upper Scythian dolomitic limestones with neptunian dykes, which 
pass upwards into nodular limestones, a few metres thick (Halstatt facies), of 
Ladinian age (Ustaoiner, unpub. data). This is overlain, in turn, by a thick 
sequence (> 1000 m) of flysch of Carnian age, with Halobia within shaly 
partings. This basin is inferred to have closed in Late Triassic time, since 
Cretaceous conglomerates unconform ably overlie the Triassic successions. 
Jurassic units are entirely missing. 
1.2.1.1.3 Bayburt Fragment 
1.2.1.1.3.1 Pulur Metamorphics 
Continental assemblages are exposed under the Mesozoic-Tertiary 
volcano-sedimentary cover of the Eastern Pontides, interpreted as a 
continental margin arc ($engor and Yilmaz, 1981). These are mainly gneisses 
and quartzo-feldspathic schists, that were cut by granites (e.g. GUmtlshane 
granite; Yilmaz, 1973) in the Late Palaeozoic (Sengor et al., 1980). In the 
DemirözU area, quartzite is exposed at the base. Quartz-chlorite schists, 
chlorite schists, meta-andesites and recrystallised limestones, with occasional 
dolomitic limestone interbeds, occur further up sequence (Akdeniz, 1988). 
Poorly preserved Amohioora SD. found in dolomitic limestones suggests a 
Devonian age. In the Pulur Massif, in addition to these greenschist 
metamorphic rocks, there are high-grade schists, gneiss, metagabbro, 
amphibolite and schistose serpentinite lenses (Akdeniz, 1988). Permo-
Carboniferous shallow marine clastics and limestones, with lava and tuff 
interbeds, unconformably overlie the basement. This is unconformably 
overlain by an Early Jurassic-Tertiary volcano-sedimentary sequence, with 
basal conglomerates at its base. 
1.2.1.1.3.2 Agvanis Metamorphics 
This unit essentially comprises metamorphosed volcanics, with some 
phyllites, marbles and calcschists, intruded by meta-igneous rocks (Fig 1. 7; 
Okay, 1984). Volcanics are mainly basic, with some dacites. 
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Rock unit E Explanation 
500+ Fine grained metabasite and banded tuff 
70 Gray phytlite and pinky metadacite 
280 Metabasite and banded metatuff interbedded 
by 0.3-1 m thick marbles ' 
600 
Metatuff and metabasite with sills of dacite i 	$ 	, 
J)1etadaclte, graphitic phyllite, 
calcschlst, metabasite, shale 
Intercalation 
.. 	, S . 	.• 	.• 
""' 
2 2..... clue-green, medium grained metabasite with 




I 	 I 	 I 	 I 	 I 	 I 	 I 
.. 	.. 	. Thick bedded white marble, phyllite, 
graphitic phyllite, metadacite, metabasite 
Thick bedded metabasite, light 
\blue-green phyllite 
Gray, green, blue-green phylllte, marble, 
metadacite, metabasite, metaconglomerate 
1 : 1 : 1 : 1 : 1 : 1 0-250 White, massive marble 
600 Blue-green, gray phylilte 
calcschlst, metabasite 
500 Beige metadacite, black, fine grained 
with banded metabasite Interlayers 
Contact metamorphosed schists 
Fig. 1. 7 Synthetic stratigraphic section of the Agvanis metamorphics (after 
Okay, 1986). 
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Locally pillowed, black, metabasites and pink-grey dacites form the 
observable base of the Agvanis metamorphics. Further up, there are green, 
bluish-green and black phyllites, interbedded with marbles and metabasite 
horizons. Above comes a two km-thick sequence of green metabasite and 
metatuff with meta-dacite, marble, calcschist and graphitic schist 
intercalations. A thick meta-trondhje mite sheet (up to 700 m) apparently 
intrudes the lithologies described above. Metamorphism of the Agvanis 
metamorphics is of greenschist fades. Eocene sediments unconformably 
overlie the metamorphics. Correlations with the Tokat Massif suggest a 
Permo-Triassic age of metamorphism. Okay (1984) favours an island arc 
tectonic setting for the Agvanis metamorphics, mainly based on the occurrence 
of acidic calc-alkaline magmatism. 
1.2.1.1.4 Armin Area 
Oceanic assemblages are exposed in the Artvin area in NE Pontides. Late 
Jurassic conglomerates unconformably overlie the oceanic assemblages (Sensor 
etaL, 1980). 
The ophiolite is represented by serpentinized ultramafics, gabbros and 
tholelitic pillow lavas. Locally, ribbon cherts and/or shales, with Liassic fossils, 
are in stratigraphic contact with the uppermost extrusives. The assemblag,e 
was affected by a greenschist facies metamorphism, which produced a slaty 
cleavage in the shales. A second phase of deformation produced tight, to 
isoclinal, folds, with an associated crenulation cleavage, before the Late 
Jurassic (Sengor et al., 1980). Recent observations, however, question the 
existence of an ophiolite in the region and, instead suggest a magmatic arc-
type setting for units of the Artvin area exposed under the Liassic cover (C. 
Banks and A.G. Robinson, personal communication, 1992). This area is poorly 
known and deserves further study. 
1.2.1.1,5 Pre-Liassic basement of the Sakarya Continent (Southwest 
P onti des) 
The pre-Liassic basement of the SW Pontides comprises several tectonic 
units, the most extensive one known as the Karakaya Complex (Fig 1.3; Bingol, 
1973). The Karakaya Complex is a chaotic assemblage, comprising quartzo-
feldsphatic sandstones, pillowed and massive lavas, limestone blocks and 
ribbon cherts. In tectonic contact with the Karakaya Complex are high-grade 
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metamorphosed units such as the Kazdag and Uludag Massifs. A Permian 
carbonate platform sliver and tectonically overlying ophiolite slice is exposed 
in the NW. These tectonic units are intruded by Late Palaeozoic-Early 
Mesozoic granitoids. To the south of the Istanbul Fragment, the Armutlu 
Metamorphics are in tectonic contact with the Karakaya Complex lithologies. 
Gneisses, micaschists and amphibole schists form the basal part of the Arm utlu 
Metamorphics. These are overlain by alternations of phyllites, quartzschists, 
chlorite schists, calcschists and marbles with some metalavas. Further up, 
there are quartzites and marbles. This sequence is pre-Devonian in age 
(Akartuna, 1968). A Permo-Carboniferous sequence unconformably overlies 
the basement and is essentially made up of feldspathic sandstones with 
conglomerate interbeds. Fossil evidence suggest a Permian age. Further up, 
there are marbles and metabasic lavas and acidic pyroclastics of Permian-
Triassic age (Yilmaz, 1990). 
The Karakaya Complex was interpreted as a short-lived rift basin that 
opened in Permian time and closed in Triassic ($engor and Yilmaz, 1981). 
Alternatively, the Karakaya Complex represents a thick sub duction-accretion 
complex related to closure of a larger ocean basin (Pickett et al,, 1992; 
Ustaömer and Robertson, in press a). 
1.2,1.1.6 The Central Pontides 
The continental assemblages of the NW, W and E Pontides wedge out in 
the Central Pontides and exposures of oceanic assemblages predominate 
beneath the post-Late Jurassic cover units. These oceanic-derived 
assemblages are widely believed to be remnants of Palaeotethys and are the 
subject of this study. A total of 6 major tectonic units are present in the area. 
These are from the north to the south: the KUre Corn olex, Devrekani 
and the 
Before going on to discuss these fully, the history of research in the area 
will now be summarized. 
1. 3 History of research 
Melchior Neumayr (1885), on the basis of distribution of Jurassic faunas, 
proposed the idea of an ancient Mediterranean, as an equatorial ocean which 
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extended from India in the east to Central America in the west, separating the 
Neoarctic continent to the north and the Brazilian-Ethiopian continent to the 
south. Eduard Suess (1893) renamed it Tethys and pointed out that the 
Alpine-Himalayan mountain range had formed by its closure (HsU and 
Bernoulli, 1978; $engOr, 1979, 1980, 1984, 1987a). 
However, Wegeners (1929), Careys (1958) and Wilson's (1963) 
reconstructions of Pangaea suggested that an equatorial ocean did not exist. 
These reconstructions also indicated that a wedge-shaped Tethys must have 
existed between Eurasia and the southern continents within what are now 
known as the Alpine-Himalayan ranges (HsU, 1977). Thus, these early 
reconstructions pointed to the existence of a vast ocean sited along the Alpine-
Himalayan orogenic belt since the Late Palaeozoic. 
In the 1970's, it became obvious, however, that the main suture zones 
within the Alpine-Himalayan system represented oceans that began to open in 
the Triassic and/or later: neither older ophiolites, nor older rifted margins 
existed. 
The westward narrowing Pangaean embayment was called Tethys I 
(Dewey et al. 1973), or Palaeotethys (Laubscher and Bernoulli, 1977; HsU, 
1977; StOcklin, 1974), or Palaeo-Tethys (Sengor, 1979). The lack of any 
obvious remnants led to a conflict: Meyerhoff and Eremenko (1976) 
questioned the existence of 'Palaeotethys'. HsU (1977) and HsU and Bernoulli 
(1978) thought that the oceanic crust and much of the continental crust of the 
Permo-Triassic ocean were subducted under the northern margin of the 
Tethys in southern Europe and argued that a Palaeotethys could only be 
identified south of the Permo-Triassic Eurasian continent along the zones of 
Cimmerian deformation north of the Tethyan ophiolite belt. Smith (1973) 
argued that the so-called Tethyan ophiolites were remnants of oceans which, 
together with the Mediterranean and the Black Sea, came into existence in the 
Jurassic or later times. The Permo-Triassic ocean gradually shrunk during 
Jurassic, Cretaceous and possibly Tertiary time. Laubscher and Bernoulli 
(1977) claimed that Palaeotethys was subducted in Mesozoic-Tertiary times, 
while only the shallow continental margins remained as nappes of continental 
origin in the Alpine-Himalayan system. StOcklin (1984) pointed out that no 
single case of a demonstrably Permian or Early Triassic oceanic sediment, or 
ophiolite (dated radiometrically or palaeontologically) of Permian or Early 
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Triassic age, had ever been confirmed in any Palaeo, or Neo-Tethyan suture 
zones. He called into question the very existence of the Tethyan plate-tectonic 
concept and its palaeomagnetic basis. 
Alternative Pangean reconstructions were proposed, based on 
palaeomagnetic data (Fig. 1.8). Some of these reduced the width of the Late 
Palaeozoic Tethys. The different Pangean reconstructions attempted to 
reconcile the palaeomagnetic data from the northern and southern continents 
by rotating Gondwana clockwise, but by different amounts (Scotese, 1984). 
The difference between the Permian and Jurassic Pangean configurations 
requires approximately 100  of right-lateral shear prior to commencement of 
sea-floor-spreading (Swanson, 1982). 
Pangea B configuration (Irving, 1977) represents a 350  clockwise rotation 
of Gondwana. One immediate consequence of this proposal was that there 
must have been a 3900Km, or greater, megashear between Gondwana and the 
northern continents during the Late Permian, or Early Triassic (Van der Voo et 
al. 1984). Van der Voo et al.'s (1984) Pangea A2 reconstruction (Van der Voo 
and French, 1974) is similar to Wilson's (1963) reconstruction, in requiring a 
large Late Palaeozoic Tethys; this is compatible with palaeomagnetic data and 
has superior statistical credentials. 
Carey (1975) argued that the wide Tethys ocean of the Permo-Triassic 
reconstructions is required only if the palaeomagnetic data are applied to an 
Earth of present size. Owen (1976, 1983), using palaeomagnetic data for the 
Early Mesozoic, showed that without inserting a Tethys ocean, the Pangea 
reconstruction is obtained when the diameter of the globe is reduced to 80% of 
its current mean. StOcklin (1984), based on Owen's Pangea, concluded that 
serious attention should be given to the expanding earth theory because 
Owen's Pangea, like Wegener's (1929), did not require a Tethys Ocean. Instead 
there was an epicontinental Tethys sea, such as indicated by the Permian-
Early Mesozoic sediments of the Irano-Himalayan ranges. 
The third alternative solution of the Tethyan paradox was that the 
problem arose only because of the lack of regional geological data. 
SengOr (1979), using a variety of criteria such as compressional 







Fig. 1. 8 Alternative plate tectonic settings of Tethys: A. the triangular 
Pangean embayment of Wilson (1963); B. Morel and Irvings (1981) 'Pangea B" 
that reduces the size of the Palaeotethys considerably; C. the end Palaeozoic 
Pangea of Smith et al.. (1981); D. Owens (1983) reconstruction for 180-200 Ma 
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emergence and flysch/molasse facies sedimentation, identified a zone north of 
the late Mesozoic-Cenozoic sutures of the Tethyan orogenic system in which he 
believed the Palaeo-Tethyan suture was located (Fig. 1. 9). 
These deformed zones were interpreted in terms of a Late Triassic to 
mid-Jurassic closure of Palaeo-Tethys. This closure, in his view, occurred 
between Eurasia and continental fragments rifted from the northern margin of 
'Gondwana-land. He called this continental sliver the Cimmerian continent. 
Its rifting from Gondwana created the Neo-Tethys. This could be an example 
of back-arc spreading behind the subducting Palaeo-Tethyan ocean. Thus, 
there was a southward sub duction polarity of the Palaeo-Tethys, at least in the 
Eastern Mediterranean region. 
Tekeli (1981), following Sengors first steps, showed that a zone of pre-
Liassic orogenically deformed rocks was located mainly between the internal 
Anatolian Massifs and the North Anatolian Fault in northern Anatolia. He 
called this zone the North Anatolian Belt, which is composed of metamorphic 
rocks, mélange, ultramafic rocks and silicic plutonic rocks (Fig. 1.10). 
The metamorphic parts of this belt, he argued, have an oceanic origin and 
their metamorphism reflects the temperature and pressure conditions most 
commonly encountered in subduction zones. Ultramafic rocks, seen as slices in 
association with metamorphics, are pieces of the oceanic upper mantle 
emplaced tectonically. The mélange contains both deep and shallow-water 
sediments of Late Palaeozoic-Early Mesozoic age. There are also some spilitic 
basalts. All these units represent a sub duction-accretion prism, with 
complexly deformed metamorphic rocks of largely oceanic origin at its base. 
He also assumed that silicic intrusive rocks might be remnants of active 
continental margins; hence, the North Anatolian Belt includes all the tectonic 
units of a convergent system. Tekeli (198 1), attributed the final deformation 
to the closure of Tethys, as a result of the diachronous collision between 
Laurasia and the Turkish part of SengOrs (1979) Cimmerian continent. 
SengOr et al. (1980) described an ophiolitic suture, along which ocean 
closure occured during mid-Jurassic times, and a Permian-Liassic magmatic 
arc in the Eastern Pontides of Northern Turkey (Fig. 1.1 1). These authors 
considered that these units were the long-sought vestiges of Palaeo-Tethyan 
ocean floor and its active continental margins. They differentiated oceanic and 
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Fig. 1. 10 Map showing distribution of lithological units of North Anatolian 
Belt within the framework of Anatolia (after Tekeli, 198 1). 
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Fig. 1. 11 Suture map of Turkey and the locations of Palaeo-Tethyan 
ophiolites (after Sengor et al., 1982). 
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continental assemblages within the pre-Late Jurassic basement of the eastern 
Pontides in a number of localities north of the Izmir-Ankara-Erzincan suture. 
Oceanic assemblages, later called KUre Nappe (Sengor et al., 1980, 1984, 1988), 
were summarized as serpentinized ultramafics, gabbros, mafic volcanics of 
tholeiitic affinities, and deep-sea sediments, such as ribbon cherts, subordinate 
pelagic limestones, manganiferous shales, and flysch; i.e. an ophiolite suite, 
with the exception of the sheeted dyke complex, and a continental assemblage, 
with a polyphase-deformed and metamorphosed pre-Permian (?)-
Carboniferous basement. This study shows that wherever exposed, the oceanic 
assemblage is always at the lowest structural position, its base being nowhere 
exposed. 
Sengor et al. (1980) argued that a continental assemblage constituted the 
northern margin of Gondwana-Land throughout the Permian to Early Jurassic 
interval. They placed the oceanic assemblages to the north of the continental 
assemblages, citing evidence from the Central Pontides (Sinop-Daday region 
no. 3 in Fig. 1. 11) that flysch-like sediments of possible Permian age overlie 
the ophiolites and were originally located north of the continental assemblage 
until the mid-Jurassic (Fig. 1. 12). 
Bergougnan and Fourquin (1982) and Yilmaz and Boztug (1986) criticised 
this interpretation of a southerly position of the continental assemblages 
relative to the oceanic assemblages. They stressed that the oceanic 
assemblages were, instead situated on the southern border of the continental 
assemblage, with the exception of the Sinop-Daday region (Fig. 1.11), where 
the oceanic assemblages seem to be in a relatively northerly position, but this 
is due to the general arcuate pattern of the Pontide system, probably 
associated with a dextral displacement along a Neotectonic Inebolu-Varto 
transcurrent fault. 
Bergougnan and Fourquin (1982) also questioned the true nature and age 
of the oceanic assemblage. They pointed out that the 'epi-ophiolitic flysch 
sequence of $engOr et al. (1980) also rests upon coal-bearing continental red-
bed Permian and Carboniferous sediments, as a post-tectonic cover, as seen 
elsewhere in the Pontides. They further questioned the stratigraphical 
continuity between metabasites and overlying Liassic formations and claimed 
that the Lias unconformably overlies the metabasites. 
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Fig. 1. 12 Simplified geological map of the Sinop region (after Sengdr, 1980). 
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Yilmaz and Eoztug (1986) justified a northward subduction model for Palaeo-
Tethyan oceanic crust, with the evidence that a well-developed granitoid belt 
formed to the north of the Palaeo-Tethyan ophiolites (Fig. 1.13). This granitoid 
belt, named by them the Kastamonu Granitoid Belt, represents the first arc 
plutonism related to subduction of Palaeo-Tethys. They proposed that 
Palaeotethyan oceanic crust started to subduct northwards beneath the 
continental margin during Early Jurassic time, and produced hybrid magmas 
whose diapiric emplacement formed the Kastamonu Granitoid Belt in Middle 
Jurassic time (Fig. 1.14). 
SengOr et al. (1982) argued, however, that Lias units nowhere 
unconform ably overlies the oceanic assemblages. The contact is a thrust, along 
which Liassic sediments, belonging to the continental assemblage, overlie the 
mafic lithologies of oceanic assemblage. They assumed that the thrust is of 
post-Liassic age, based on the similarity of the oceanic assemblage in the 
Daday area with that of KUre and Qangaldag regions. The southerly location of 
the oceanic assemblages in the eastern Pontides (Fig. 1.11) was attributed by 
them to total allochthoneity of the presently exposed Eastern Pontides (Fig. 
1.15). 
Another interesting point from SengOr et al. (1980) is the Hercynian" 
framework of the western Pontides. The Palaeozoic of Istanbul was linked 
with "Gondwana -land" simply because they assumed that, before Neotethyan 
opening, the continental assemblages (western and eastern Pontides) formed 
the northern continental margin of "Gondwana-land". This result was not 
compatible with the theory of Hercynian deformations confined to Laurasia' 
(Bergougnan and Fourquin, 1982). 
However, later work of SengOr (1984, 1986, 1987) and Sengdr et al. 
(1984, 1988) altered their previous ideas and concluded this deformation 
occurred in Laurasia first, and the western Pontides (Istanbul Nappe of Sengôr 
1984) were later accreted south-southeastward along a transform fault to 
form the Cimmerian continent (i.e. its western part) in pre-Triassic time. 
Belov (1986) criticised the above mentioned models, since these assumed 
that pre-Upper Jurassic ophiolites of the Central and Eastern Pontides were 
remnants of Palaeotethys. However, he thought that these ophiolites might be 
regarded more logically as indicative of early rifting of Neotethys, i.e. short- 
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Fig. 1. 15 Tectonic evolution of the north Tethyan margin according to 
$engör et al.'s (1980) model. 
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lived rifts that closed in northwestern Anatolia (e.g. Karakaya), at the end of 
the Triassic or in the Liassic. 
Robertson and Dixon (1984) considered the Rhodope-Pontide fragment as 
a collage terrain of Late Triassic-Early Jurassic age, forming a Pacific-type 
active margin of Laurasia, with a long history of accretion, strike-slip faulting, 
subduction and marginal basin formation. They argued that the Palaeotethys 
was not entirely consumed in the pre-Late Jurassic as in SengOrs (1980,   1984) 
model, but only finally closed in the Early Tertiary along the Vardar-Intra 
Pontide-Erzincan-Sevan suture zone, when the Gondwanian continental slivers 
(i.e. the Sakarya Continent and the Kirsehir Block) were accreted northwards 
and collided with the Pontides (Fig 1.16). 
Similarly, Adamia et al. (1977, 1981, 1987a, b) believed that the North 
Tethyan margin was a Pacific-type active margin throughout the Palaeozoic, 
Mesozoic and Tertiary. They differentiated mature and immature island arcs, 
marginal seas and inter-arc rifts in the Caucasus and in the Pontides, related to 
the northwards sub duction of the Palaeotethys. 
GOner (1980) studied a small area (19 km 2 ) in the vicinity of KUre town 
and assumed that subgraywackes and black shales were deposited in an 
eugeosynclinal environment. Isoclinal folding of these units was followed by 
extrusion of basaltic lavas and intrusion of dolerites. Later, major faulting and 
thrusting took place. Along the faults, hydrothermal fluids were expelled, 
leading to the formation of sulphide ores. Peridotite and dacite were then 
intruded, followed by serpentinization. Based on major-elements and limited 
trace-element data (i.e. Rb, Sr, Nb, Zr, Y), GOner (1980) thought that the basalts 
were of abyssal tholeiite type. 
Eren (1979) studied the petrography and geology of the metamorphic 
rocks of the. TaskOprU area. He differentiated five metamorphic zones of 
HP/LT type. He thought that the metamorphism was pre-Alpine age and 
occurred in a subduction zone. He noted that the Elekdag serpentinite is not 
corn patibile with the metamorphic zones observed in the other rock units. 
Yilmaz (1980, 1981, 1988) worked in the Daday-Devrekani Massif. He 
separated two metamorphic units of pre-Liassic age: the Ebrek Metamorphics 
of pre-Cambrian age and the Canga1da Meta-ophiolite of Palaeozoic age. 
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Fig. 1. 16 Palaeogeography of north Tethyan margin for end Jurassic 
according to Robertson and Dixon (1984). 
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Based on petrographical work, he showed that the Ebrek Metamorphics were 
metamorphosed to medium-high grades and have sedimentary protoliths. 
TLlysUz (1985) mapped a large area, jointly with MTA, TPAO geologists, 
on a 1/25000 scale in the Central Pontides. He thought that at least two 
oceans existed in the Central Pontides, based on outcrop patterns. The older 
one, the Palaeotethys, was subducted southward under the continental 
assemblage (i.e. the Istanbul Nappe of Sengor). This subduction gave rise to an 
ensimatic arc (i.e. the KOsda Arc) in the south (since shown to be Late 
Cretaceous). The continental assemblage collided with Laurasia in the pre-
Late Jurassic and was then thrust northward onto the oceanic assemblages 
from the south. Before this collision occurred in the Lias, a rifting event took 
place to the south of the continental assemblage, which opened the northern 
branch of Neotethys. Following the closure of the Palaeotethys, northward 
subduction of Neotethys started and this produced an ensialic arc to the north 
and a subduction-accretion complex to the south, together with a fore-arc 
basin (i.e. Kastamonu-Boyabat Basin). 
TUysUz (1990) gave a slightly modified version of his earlier views (Fig. 
1. 17). He thought that the Palaeotethyan oceanic assemblages were made up 
of an ordered ophiolite and its sedimentary cover, now exposed in KUre, 
Cangaldag and Elekdag areas. To the south is another basin, the Karakaya 
Complex (e.g. the Kunduz Unit), representing a back-arc basin of Palaeotethys. 
In this model (Fig. 1. 17; the Palaeotethys in the north and the Karakaya 
Complex in the south were separated by a continental assemblage in the west 
(i.e. Istanbul Fragment), which wedges out and the two basins, thus, join in the 
Central Pontides. 
Stampfli et al. (1991) favoured northward subduction of Palaeotethys 
along the southern margin of Eurasia (Fig 1.18). The margin was thought to be 
accretionary in nature and the deformations not necessarily collisional. They 
used the term "Permotethys" instead of Neotethys and called the southern 
branch of Neotethys the East Mediterranean Basin'. In their model, the 
Vardar ocean was considered as a back arc basin of Palaeotethys, extending to 
Dobrogea in the east. The Pindos basin to the south and the inner-Tauride 
ocean in Turkey were regarded as parts of the 'Per motethys". They criticised 
TUysUz's (1990) model stating that his data could also be interpreted in terms 
of northward subduction of Palaeotethys and opening of a back arc basin to 
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Fig. 1. 18 Permo-Triassic palaeogeography of the Eastern Mediterranean 
based on Stampfli et al.'s (1991) model. CM 
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the north. They interpreted the 'Palaeozoic of Istanbul sequence as an 
accreted Gondwanian terrane rather than Palaeotethyan marginal sedimentary 
prism; an interpretation, in their view, that solves the necessity of a 
Carboniferous closure of Palaeotethys in that area. 
In summary, it is clear that a large number of tectonic models exist for 
the Pontide area. A major object in view of this is to provide new data, 
sedimentological, structural and geochemical, which, together can be used to 
test these models and if necessary, to develop new tectonic interpretations, 
based on integration of all the available data. 
1. 4 Thesis organisation 
The following chapters describe the different tectonic units of the Central 
Pontides and/or different aspects. Pre-Late Jurassic tectonic units are 
described, starting from the north to the south. Chapter 2 documents the 
stratigraphy, sedimentology, geochemistry and the structure of the 
northernmost unit, the Küre Complex. Chapter 3 outlines the origin of a 
Triassic-Early Jurassic circum-Black Sea marginal basin, of which the KUre 
Complex is a part. Chapter 4 describes the Devrekani Metamorphic Unit, a 
continental assemblage within the northern Central Pontides, metamorphosed 
to amphibolite facies. The Cangaldag Complex is treated in Chapter 5 in terms 
of an oceanic volcanic arc. The stratigraphy, structure, geochemistry and the 
tectonic setting of the Elekdag Ophiolite, interpreted as fore-arc crust; the 
Bayam Melange, interpreted as tectonically eroded and deeply buried fore-arc 
oceanic slivers; and the Domuzda-Saraycikdag Complex, interpreted as a 
sub duction-accretion complex are given in Chapter 6. The Kargi Complex, 
dominated by a Permian carbonate platform, is discussed in Chapter 7. 
Chapter 8 describes the massive sulphides, their genesis, petrology and 
tectonic setting. Chapter 9 deals with the post-Late Jurassic cover units of the 
area, mainly to evaluate the deformation that has affected the older tectonic 
units, which are the main subject of this study. A summary and synthesis of 
the Central Pontide area is given in the Chapter 10. A total of four papers 
have already been submitted for publication, summarizing the work carried 
out in this study. Each of them forms a chapter of this thesis (Chapters 2, 3 
and 10-two summary papers), and are in press. 
CHAPTER 2 
THE KURE COMPLEX 
2.1 Introduction 
The pre-Late Jurassic basement of the Central Pontides of northern 
Turkey comprises several E-W trending tectonic units (Fig. 2. 1). The 
northernmost of these units is the KUre Complex, a ca. 20 km-thick pile of 
thrust imbricated deep-sea sediments, intercalated with a dismembered 
ophiolite (Fig. 2. 2). In this chapter, the first integrated account of the 
sedimentology, petrology and structure of the KUre Complex is given. New 
evidence that intersliced mafic and ultramafic igneous rocks represent a 
dismembered ophiolite, including a sheeted dyke complex, is presented. New 
chemical analytical data on the basic extrusives, and overlying sediments are 
given. Illite crystallinity data indicate the extent of burial. A new tectonic 
model is proposed in which the KUre Complex originated as a small marginal 
ocean basin along the northern margin of Eurasia in latest Palaeozoic time. 
This basin later closed, giving rise to the KUre as a sub duction-accretion 
complex that was later uplifted and partly eroded prior to transgression in 
Late Jurassic time. Implications for the tectonic evolution of Palaeotethys and 
the Eurasian continental margin are briefly outlined. 
2.2 Geological Setting 
The KUre Complex, as defined by Ustaömer and Robertson (1990), is a 
structurally thickened wedge (ca. 20 km thick) of Late Palaeozoic-Early 
Mesozoic age, mainly siliciclastic sediments, interleaved with a dismembered 
ophiolite (Fig. 2. 3). Initially, the KUre Complex was interpreted as layer-cake 
sequence of mainly sandstones and shales, with subordinate igneous rocks 
(Ketin,1962; GUner, 1980). More recently, Sengör (1984) interpreted the KUre 
unit as the sutured remnants of a major Tethyan ocean (Palaeotethys). The 
KUre Complex has been dated as Late Palaeozoic (Carboniferous) to Mid-
Jurassic (Ketin, 1962; Yilmaz and Sengör, 1985; Aydin et al., 1986), based on 
spores and palynomorphs. The palynomorphs, however, could be entirely 
reworked (Yilmaz and Sengdr, 1985) from older Carboniferous coal-bearing 
successions exposed in structurally adjacent units (i.e. Palaeozoic of Istanbul; 
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Fig. 2. 1 Simplified geological map of the Central Pontides, showing the main 
tectonic units (modified after TtlysUz, 1990). The KUre Complex is exposed under 
the post-Late Jurassic Cover Units, to the north of the Kastamonu-Boyabat Basin. 
Distribution of the KUre Complex and its relation to the adjacent tectonic units is 
shown in detail in Fig. 2. 2. Cs 
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Fig. 2. 2 Simplified geological map of the northern Central Pontides, showing 
the distribution of the KUre Complex and its relation to adjacent units (modified 
after Aydin et al., 1986). The boxes indicate the locations of the mapped areas, 
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Fig. 2. 3 Simplified N-S cross section of the Central Pontides. The KUre 
Complex is exposed in the north, under the Upper Cretaceous Black Sea marginal 
basin deposits (i.e. the Karadag Unit, Chapter 9). 
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e.g. Kerey, 1984). The KUre Complex is cut by a number of mainly small (< 10 
km wide) granitic intrusions, emplaced in the pre-Late Jurassic. The complex 
is then unconformably overlain by red, subaerial conglomerates, passing 
upward into Late Jurassic-Early Cretaceous shelf carbonates and Early 
Cretaceous "flysch (Aydin et al.,1986; Yilmaz and TUysUz,1988; Chapter 9). 
The KUre flysch can be distinguished from Early Cretaceous flysch in the 
same area based on lower carbonate content, darker colour, generally greater 
intensity of deformation and relative paucity of turbiditic structures. The 
Early Cretaceous flysch is thought to reflect crustal extension of the Central 
Pontides, prior to opening of the Black Sea (A.G. Robinson, Personal comm., 
1992). 
To the north, the KUre Complex (Figs. 2. 1, 2. 2) is unconformably 
overlain by Late Cretaceous to Eocene volcaniclastic sediments, volcanics and 
pelagic carbonates, thought to relate to opening of the Black Sea marginal 
basin (Gor(jr,1988; Chapter, 9). Further west-northwest (Fig. 2. 2), the KUre 
Complex is tectonically overlain by Cambro-Ordovician to Late Palaeozoic 
successions of continental margin affinities, known as the Palaeozoic of 
Istanbul" (AbdUsselamoglu, 1977; Chapter 1, 3). The KUre Complex is bounded 
to the south by two different tectonic units. One of these is the Devrekani 
Metamorphic Unit (T(JysUz, 1990), or Ebrek Metamorphite (Yilmaz, 1980), 
composed of undated gneisses and amphibolites and transgressive marbles 
(Chapter 4); the other is the Cangaldag Complex (Ustaomer and Robertso,n, 
1990), which comprises a Late Palaeozoic (?), imbricated pile of basic and 
evolved volcanics and volcaniclastics, up to 10 km thick (Chapter . The 
basement is a sheeted dyke complex and overlying basaltic lava flows, locally 
pillowed. Other units further south include a thick inferred subduction-
accretion complex (Domuzdag-Saraycikdag Unit; Ustaömer et al., 1991; Chapter 
6) of Late Palaeozoic (?) age, and structurally beneath, thrust slices of slope 
and deep-water sediments (Gumusolugu Unit) and a Permian carbonate 
platform, the Kargi Unit (Ustaömer and Robertson, 1990; Ustaömer et al., 1991; 
Chapter 7). 
2.3 Previous work 
The majority of early work in the KUre area concentrated on economic 
massive sulphide deposits (Nikitin,1926; Kovenko,1944). GUner (1980) 
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interpreted the extrusives as abyssal tholeiites based on major-element and 
limited trace-element analyses. Basalt eruption was thought to postdate 
deposition and folding of associated sandstones and shales. Palaeomagnetic 
work on basalt and diabase (GOner, 198 1) has suggested Eurasia pole positions, 
while supposedly younger peridotite and "amphibolitised diabase were 
thought to show African palaeopoles. GOner (1981) also inferred a 70 degree 
anticlockwise rotation of the KUre area. However, tectonic corrections are not 
mentioned (Westphal et al., 1986) and little confidence can be placed in these 
palaeomagnetic data. $engör et al. (1980, 1984, 1988), Sengor (1984) and 
Yilmaz and Sengor (1985) designated all the pre-Late Jurassic oceanic 
assemblages in the Central Pontides as the KUre Nappe which represented 
remnants of a major "Palaeotethyan" ocean sited between Eurasia and 
continental units to the South (Palaeozoic of Istanbul, W Pontides and 
gneissose basement of E Pontides). 
2.4 Litho stratigraphy 
This work on the KUre Complex has concentrated on a north-south 
traverse near KUre and along the Kastamonu-Inebolu main road (Figs. 2. 2 and 
2. 4, Enclosure 1). Structural and sedimentological data were also collected 
elsewhere (e.g. Dad ay- Azdavay-Aglt-SagUtozU-Senpazar areas in the west and 
Devrekani-Catalzeytin in the east, Figs. 2. 2, 2. 5). 
2.4. 1 Ophiolitic rocks 
Slices of mafic and ultramafic rocks interpreted here as a dismembered 
ophiolite are well exposed in the centre of the mapped transect, near KUre 
town (Fig. 2. 4). Ophiolitic rocks of this region comprise serpentinized 
peridotite (mainly harzb urgite), cumulate and isotropic microgabbros, sheeted 
dykes, massive and pillow lavas, lava breccias and minor fine-grained 
volcaniclastic sediments. The uppermost extrusives of the volcanic succession 
are depositionally overlain by shales that pass upward, without a break, into 
thick successions of terrigenous turbidites, alternating with siltstones and 
shales (Fig 2. 6). 
Serpentinized peridotite crops out northwest of KUre town, as a thick (up 
to 200m) thrust slice, above lavas and shales, and also as a thin (up to 50 m) 
slice further east (Fig. 2. 4). Serpentinite is also imbricated with the matrix of 
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Fig. 2. 4 Geological map of the KUre area, showing the KUre ophiolite, and 
related sediments, and the cover units. This map is also included as an E 1 on 
1/25 000 scale. 
Fig. 2. 5 Generalised stratigraphic logs 'from the KUre Complex. a) Daday-
Azdavay (Ballidag area), b) SogUtozU -Senpazar areas, c) KUre area, d) Yaraligoz-
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Fig. 2. 6 Generalised log of the KUre ophiolite and its epi-ophiolitic cover 
(basinal clastics; after Ustaömer and Robertson, in press a). Not to scale. 
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the KUre Complex, in the north (e.g. near Ikicay bridge; Fig. 2. 4). Although 
typically sheared and serpentinised, less altered massive harzburgites remain. 
Chrysotile veins, a few millimetres thick and chrome spinels are seen, but 
chromite is unknown. Layered cumulate gabbros are exposed immediately 
south of KUre (Fig. 2. 4, Enclosure 1), dipping southward at 30-40 degrees 
(Plate 2. 1). Upwards, the cumulates are overlain by isotropic microgabbro. 
seen also south of Ikicay bridge (KUre-Inebolu road; Fig. 2. 4), cut by doleritic 
dykes (Plate 2.0. Dykes are commonly 20-30 cm thick, doleritic textured and 
finely crystalline, with well developed chilled margins k 1.5 cm thick), 
trending N25-35 W (Fig. 2. 7). Upwards, the dyke percentage increases, 
passing into a true sheeted dyke complex (i.e.100% dykes, Plate 2. 1). Where 
best exposed (E slope of Bakibaba 1.; Fig. 2. 4), sheeted dykes are subvertical, 
dipping slightly northwards and trending N5-15 E. Coarsely crystalline 
dolerite dykes (3-5 m thick) there are intruded by two later dyke sets, one 
50-70 cm thick, and the other mainly 5-10cm thick. Chilled margins range 
from several millimetres up to 2-3 centimetres in thickness. At a second 
locality, sheeted dykes trend N20-40E and are tilted northward. These dykes 
range in thickness from 10-60 cm and exhibit well developed chilled margins, 
ranging from several millimetres to 3-4 centimetres thick. 
• The sheeted dykes are stratigraphically overlain by alternations of green 
pillow lava, massive lava and lava breccias (Plate 2. 1). Individual intact 
successions in the vicinity of KUre range from 100-200 m thick, 'rhilst 
elsewhere, detached blocks range from a few metres to tens of metres in size, 
and are also found within sheared KUre Complex sediments (e.g. near Kaya 
Mah., Fig. 2. 4; Plate 2. 2). Pillow lavas are commonly vesicular, with well-
preserved chilled margins, up to several millimetres thick. The pillow lavas 
are mostly densely packed, with long axes ranging from 25 cm to 2 m; 40-45 
cm long pillows are the most common (Plate 2. 1). Small volumes of 
interpillow sediment comprise devitrified and chloritised volcanic glass and 
dark brown to black shale. The pillow lavas are locally overlain by lava 
breccias and devitrified hyaloclastites (Plate 2. 2). The lava breccias generally 
show crude bedding (60 cm to 1.5 m thick) and include intact and 
disaggregated pillow lavas, with a matrix of chioritised volcaniclastic sediment. 
A recrystallised limestone was found as a clast within lava breccia at one 
locality (near the KUre opencast, W of Bakibaba 1.; Fig. 2. 4). 
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Fig. 2. 7 Lower hemisphere equal area stereoplot of poles to isolated dykes. 
Plate 2. la. Cumulate gabbros cut by diabase dykes. Looking towards west. 
Note hammer for scale. At this locality, the mafic cumulate section of the KUre 
ophiolite is approximately 20 in thick (thickness perpendicular to the banding). 
This unit is thrust over sandstone-shale alternations at the base. The cumulates 
gradually pass into isotropic gabbro at the top. b: Detail of part of the isotropic 
gabbros cut by dykes, showing intrusive relations. Looking westward. Note the 
camera cap for scale. c: General view from the sheeted dyle complex. Looking 
southwest. The dykes in this locality trend N10 W and dip at 60-70g. d: Pillow 
lavas, exposed in the KUre mine area. Looking northeast. The pillows dip 
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Both the lavas and lava breccias, in several different slices, are depositionally 
overlain by hemipelagic shales, as discussed further below (Plate 2. 2c) 
2.4.2 Massive Suiphides 
In some thrust sheets 'Cyprus-type cupriferous pyrite deposits are 
found along the lava-sediment contact, both as disseminated and massive ore 
(Chapter 8). Adjacent sediments, often black shales, are unmineralised. The 
sulphide ores are exposed near KUre town and were mined during historic 
times. Average copper values are 6% and 3% in the deposits of Bakibaba and 
Asiköy, respectively (GUner,1980). Within the massive ores, the main 
sulphide minerals are pyrite, chalcopyrite, bornite, covellite, sphalerite, 
marcasite and tennantite. The details of the mineral chemistry will be given 
in Chapter 8. 
A stockwork zone (interpreted as the root zone for the massive 
sulphides) is present within sheeted dykes (near Ikicay bridge, Fig. 2. 4). The 
mineralisation follows brecciated faults, marked by a 50 cm wide, N-S 
trending hydrothermal alteration zone. 
2.5 Petrography, of the Kifre ophiolite 
Ophiolitic extrusives range from aphyric, to plagioclase- and 
clinopyroxene-phyric basalts, with variolitic, ophytic, trachytic and intersertal 
textures (Plate 2. 3). Clinopyroxene also occur in the groundmass, together 
with plagioclase microliths (Plate 2. 3). The lavas are altered/ metasomatised 
and, mainly comprise primary clinopyroxene and secondary albite, chlorite, 
quartz, and opaques. Prehnite occurs as vein fill. Plagioclases are altered to 
albite, chlorite, epidote and calcite, whereas clinopyroxenes are generally 
fresh, showing only marginal alteration. 
Sheeted dykes show typical doleritic texture (Plate 2. 4). Plagioclase 
occurs as up to 1 cm long lath-shaped crystals. They are cloudy, in places, 
with preserved twins where albitic composition can be determined. Epidotic 
alteration of plagioclases are more common in the sheeted dykes (Plate 2. 4). 
Chioritisation, calcitisation and sericitisation are also seen. Pyroxene crystals 
are altered to actinolite along cleavage planes. The doleritic dykes in the 
Plate 2. 2a. Lava breccias. Matrix is pelagon.tic tuff and tufaceous 
sediments. These are overlain by black and reddish hemi-pelagic shales with a 
sedimentary contact, dipping southward. Pen is scale. b: Hydrothermally altered 
hyloclastites, exposed along the KUre-Inebolu road. The height of the road cut is 4 
m. Looking southeast. C: Lava breccia-shale sedimentary contact. The contact at 
this locality is steep (65-70), dipping southward. Note hammer for scale. d: 
Detached lava blocks embedded in sheared black shale, exposed along the Inebolu-
KUre road. Looking northeast. 
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Plate 2. 3a. Chrome spinel grains in the serpentinite. Dark margins of the 
spinels are richer in Cr (PPL). Field of view is 4.2 mm. b: Mesh texture in the 
serpentinite SeLpentinisation has greatly affected the olivine, whilst pyroxenes 
are only slightly altered in the KUre serpentinite (XPL). Field of view is 2.2 mm. c. 
Ur alit isation is the most dominant hydrothermal alteration that affected the 
gabbros and micro-gabbros. Stages of alteration of pyroxenes to amphiboles can 
be seen in a single section. The twinned plagioclases, which are sodic in 
composition, show typical dolerilic texture (XPL). Field of view is 2.2 nun. d. 
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stratigraphically lower levels show greater amphibolitisation of pyroxenes. 
There are also anhedral quartz crystals in the sheeted dykes. 
Gabbros are represented by intense uralisation (Plate 2, 4). Amphibole 
cleaveges are well developed in some crystals. All levels of transformation of 
clinopyroxenes to amphiboles are observed in the same section. Plagioclases 
are albitic. Epidote is rare. 
Ultramafics are intensely serpentinised after olivine (Plate 2. 4). 
Orthopyroxenes are also altered to serpentinite minerals to a lesser degree, in 
comparison. Chrome spinels are irregularly distributed and occur as rounded 
grains (see below; Plate 2. 4). 
2.6 Geochemistry of extrusives 
2.6.1 Introduction 
Basalt geochemistry is widely used to establish the eruptive 
tectonic setting of lavas, now a part of orogenic belts. The main approach is to 
compare geochemistry of ancient lavas with those of modern day tectonic 
settings. Basalts erupt in a number of tectonic environments, ranging from 
mid-oceanic ridges, off-axis volcanic centres within oceanic plates, transforms-
leaky transforms, intra-continental, and above subduction zone settings, 
(including fore-arc, arc, intra-arc and back-arc settings). 
One of the main problems when geochemistry is used to infer 
petrogenesis or tectonic setting is that the orogenic lavas have generally 
undergone widespread alteration and metamorphism, whilst modern day lavas 
are generally fresh. Alteration and metamorphism cause element mobility. 
Some elements increase in abundence while some others decrease during 
these processes. In turn, this may result in a change of actual immobile 
major- and minor-element abundances within the analysed rock. Studies of 
chemical changes during alteration show significant loss of Si02, CaO and FeO 
and gain of MgO and K2O  under mild metamorphic conditions (Heaton and 
Sheppard, 1977). By contrast, there is a gain of Si02, Na2O, FeO and loss of 
A1203 under greenschist conditions (Pearce, 1975; Cann, 1979). Ti02 is 
immobile under greenschist fades conditions and slightly mobile during 
weathering. Another problem is non-existence of modern day equivalents. 
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For example, most of the island arc lavas come from subaerial parts of the 
modern day volcanic arcs (Hamilton, 1988). Deeper, submarine parts can not 
be reached with currently available technology. A third problem is the 
analytical method used for geochemistry. X-ray fluorescence is used for the 
analyses of lavas and sediments during this work; an explanation of the 
method is given in Appendix 1. Problems are encountered in this study when 
abundances of elements are close to the detection limit. This was the case 
especially for trace elements such as Nb, La, Ce, Nd and Th for most of the 
lavas analysed, except the Kargi Complex lavas (Chapter 7). Therefore, full 
useage of LREE (light rare-earth elements; La, Ce, Nd) can be made only for the 
Kargi Complex lavas. 
When studying the geochemistry of lavas, the aim is to estimate the 
primary melt compositions from which these lavas have originated. 
Composition of source and degree of melting from it determine the chemistry 
of primary melts. The source can be deep in the mantle (i.e. garnet peridrtite), 
or shallower (spinet peridotite), or already depleted mantle. Whether or not 
the melts are saturated, or unsaturated depends on these processes (i.e. 
undersaturated melts result generally from lower degrees of melting) 
Whether elements go into the melt or stay in the source is a measure of 
their compatibility or incompatibility with the source and is shown by their D 
number (i.e. bulk distribution coefficient between the melt and source-garnet 
lherzolite). If the D number of an element is less than 1, the element is said to 
be incompatible. It is compatible, therefore, if D is bigger than 1 (i.e. stays in 
the source). 
Elements used in the chemistry of lavas are classified on their ionic 
charges and ionic radius. K, Rb, Ba, Sr, Th and Pb are classified as large ion 
lithophile (LIL) elements (Saunders et al., 1980), since their ionic radius (r in 
A ° ) are ' 1, or as low-field strength (LFS) elements, based on their ionic 
radius/ionic charge (r/Z) ratio. Ti, P, Zr, Nb are termed high-field strength 
(HFS) elements (Saunders et al., 1980). Their ionic radius/ionic charge ratio is 
< 0.2. The rare earth elements (REE, La, Ce, Nd, Y) behave like HFS elements 
because their ionic radius/ionic charge ratio is similar to that of HFS elements. 
Both LFS and HFS elements are incompatible. The D is less than or equal to 0.2 
for HFS elements and > 0.2 for LFS elements. Therefore, with the exception of 
Sr, which has an affinity for plagioclase, the LIL elements are not 
V. 
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preferentially incorporated into early crystallizing minerals and their 
abundances become greater in residual liquids (Basaltic Volcanism Study 
Project, 1981). The HFS elements are preferentially incorporate into the first 
melt formed during partial melting and are enriched in the residual melt 
during differentiation (BVSP, 198 1). 
Fractional crystallisation and, to some extent, contamination play an 
important role in changing the original chemistry of primary melts once 
segregated from the mantle source. During ascent of silica melts, phases 
crystallise in an order determined by temperature. Some elements enter early 
crystallising phases, thus the remaining melts become poorer in these 
elements. Most basalts undergo the following crystallisation stages: 
olivine*orthopyroxene+clinopyroxene+garnet, 
olivine+orthopyroxene+clinopyroxene+spinel, 
olivine+clinopyroxene+ s pinel, fractionations. 




The distrubition of elements into some of these phases is as follows: 
Feldspars 	Ca, Na, K, Al, Si 
Olivine 	Mg, Fe, Si 
Clinopyroxene Ca, Na, Mg, Fe, Si 
Micas 	K, Al, Mg, Fe, Si 
Apatite 	Ca, P 
Ba, Pb, Rb, Sr 
Cr, Mn, Ni 
Ce, La, Mn, Cr, Ni, Sc, V 
Ba, Rb, Cr, Mn, Sc, V, Zn 
Ce, La, Mn, Sr. Th, Y, V 
Zircon 	Zr, Si 	 Ce, La, Th, Y, P 
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Fractional crystallisation processes can be studied with reference to MgO, 
Zr. and Fe203/MgO versus most of the major- and trace-elements, and also 
Zr/Nb, Ce/Y, h02 and P205. Accumulation or fractionation trend of mineral 
phases appear as vectors in binary diagrams of these elements. However, both 
MgO and Fe203 are highly mobile (see above) and are not used for tectonic 
discriminations in this thesis. Only the immobile elements and/or element 
ratios are used. 
The Ti02 versus P205 diagram has been used in order to determine the 
extent of fractional crystallisation of the lavas of the study area. Both h02 
and P205 are immobile and incompatible in major mantle phases (Latin, 1990). 
Incompatibility of these elements indicates that small degrees of melting (i.e. 
undersaturated magmas) have given rise to primary magmas with high h02 
and P2O5 concentrations, relative to the products of large degree melting (Fig. 
2. 8). Olivine does not contain Ti and P. Therefore, removal of olivine 
concentrates both elements in the residual liquid. Clinopyroxenes contain 
significant Ti but no P. Magnetite and apatite contain abundant Ti and P, 
respectively. The net effect is to generate a wide range of Ti02, P205  and 
Ti02/P205 values in rocks still broadly basaltic (> 4 wt % MgO), thus 
completely obscuring the values in the parent magmas generated on partial 
melting of the source (Latin, 1990). 
Smaller-degree melts are likely to be more undersaturated and form at 
greater depths than larger degree melts (Fig. 2. 8, Latin, 1990). Differences jr' 
the ratios of incompatible trace-elements should correlate directly with 
differences in the degree of undersaturation. For example, Ce is more 
incompatible than Y (De e < Dy). This indicates that smaller degrees of melting 
result in melts richer in Ce and poorer in Y, therefore, Ce/Y ratio will be 
higher. Similarly, lower values of Zr/Nb (DZr > DNb) would be expected in 
smaller degree melts which should also be more undersaturated. The value of 
Ce/Y might be expected to be especially high when garnet is a residual phase 
(at depths > 60 km or so; pressures > 2.0 GPa ) because Y tends to reside in 
garnet (Latin, 1990). Therefore, Ce/Y versus Zr/Nb, or Ce/Y versus Zr/Y 
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2.6.2 Basalt discrimination diagrams 
Several elements and element ratios are used to discriminate between 
basalts of different tectonic settings. In this thesis, most of the proposed 
discrimination diagrams are used for each suite of lavas from different 
tectonic units. The Ti/Zr versus Nb/Y diagram (Winchester and Floyd, 1977) is 
very useful in classifying the lavas, since all the elements used in this diagram 
are immobile. The Si02 versus total alkali diagram can not be used for the 
same purpose since both Si02 and the alkalis (i.e. Na, K) are alteration 
dependent. 
The Ti/Y versus Nb/Y diagram is used to separate different suite of lavas 
(i.e. tholeiltic, transitional, alkaline). The Cr versus V diagram (Miyashiro and 
Shido, 1975) is used to separate calc-alkaline lavas from tholeiitic lavas. 
The Ti versus ix diagram separates evolved lavas from basaltic lavas. 
This diagram also separates WPB (Within Plate Basalt), IAT (Island Arc 
Tholeiite) and MORE (Mid-Ocean Ridge Basalt). 
Modern-day basalts can be classified as MOR, WP and SSZ -(Supra-
Subduction Zone) based on tectonic setting. The WP lavas are generally 
alkaline, enriched in most of the incompatible elements, relative to MOR lavas. 
These are thought to originate from deeper parts of the mantle (i.e. mantle 
plumes), by smaller degrees of melting. Therefore, T102-Zr/4-Y.3, 2Nb-Zr/4-Y 
and Ti02-P205-MnO ternary and Zr/Y versus Ti/Y, Zr/Y versus Y binary 
diagrams are used to separate WPB than MORB. 
SSZ lavas can be tholeiitic, calc-alkaline, boninitic and shoshonitic. They 
generally originate from the mantle wedge above the subducting slab. The 
mantle wedge is broadly similar in composition to that which give rise to 
MORE. An important contribution, however, comes from the subducting slab. 
Water and LIL-elements are added to the overlying wedge. The presence of 
water lowers the isotherm and melting commences. The resultant melts are 
richer in LIL, and some of HFSs (i.e. P) and LRE (La, Ce) elements. In 
comparison, Nb, Ti and Y tend to reside in the subducting slab. Separation of 
IAT from MORB is based on transition metals (i.e. Cr, V, Ni) and Ti, Y, Nb. 
Transition metals are used because they form a compatible index of 
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fractionation (Pearce, 1982). For this purpose, the Ti/100 versus Cr, Ti/Cr 
versus Ni, Y versus Cr, Ni versus Y diagrams are used. 
Back-arc basin lavas are intermediate between MORD and IAT. La/Nb 
versus Y and Ti versus V diagrams are used to separate BABB. 
2.6.3 Normalised trace-element patterns 
In order to compare basalts on the basis of their complete trace- and 
minor-element compositions, average tholeiitic MORB-normalised 
"spidergrams" are used (Fig. 2. 9a). The ordering of the elements is based on 
ionic potential, Z/r, which is a measure of the mobility of an element in 
aqueous fluids, and the bulk distribution coefficient of the element between 
source and melt, which is a measure of the incompatibility (Pearce, 1983). The 
mobile elements (e.g. Sr, K, Rb, Ba) are placed on the left, while the immobile 
to the right. Incompatibilities of both the mobile and immobile elements 
increase from outside to the centre of the pattern (Fig. 2. 9b). 
All of the elements, except Sr (compatible with assemblages containing 
plagioclase), Y (compatible with assemblages containing garnet) and Ti 
(compatible with assemblages containing magnetite) plotted on such diagrams 
are generally considered incompatible during most partial melting and early 
stages of fractional crystallisation of basaltic magmas. 
The effect of fractional crystallisation on the trace element patterns is 
given in Fig. 2. 9 (Pearce, 1983). Fractional crystallisation changes only the 
level of the pattern (Fig. 2. 9b; evolved MORB is more enriched relative to 
typical tholeiltic MORB) and has no effect on the shape of the pattern. Partial 
melting, similarly, only changes the level of the pattern, not the shape (Fig. 2. 
90. Therefore, under normal conditions, major changes in the shape of the 
patterns result from modified source and contamination processes. 
2.6.4 Geochemistry of Kttre extrusives 
Fifty two samples of lavas (39), dykes (10) and gabbros (3) from several 
thrust sheets and detached blocks were analysed for major- and trace-
elements by X-ray fluorescence, using the method of Fitton and Dunlop (1985). 
The analyses are shown in Appendix 1. The KUre extrusives are variably 
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altered (LOI values up to 10%), and thus, most major-elements with the 
exception of Ti and P, cannot be used to infer petrogenesis. In addition, when 
low field strength trace-elements (e.g. Rb, Sr and Ba), known to be mobile 
(Pearce and Cann, 1973), are plotted against an immobile element (e.g. Zr), a 
wide scatter is observed; this is interpreted as the result of alteration. The 
discussion below is, therefore, based on elements that are normally immobile 
under conditions of weathering and low-grade metamorphism (e.g. Pearce and 
Cann, 1973; Pearce, 1975). 
The [(Ore lavas and dykes lie in the basalt and basaltic andesites fields in 
the Zr/Ti versus Nb/Y plot (Winchester and Floyd, 1977; Fig. 2. lOa). On the 
Ti/Y versus Nb/Y diagram (Pearce, 1982), they plot in the tholeiitic field (Fig. 
2. lOb). On the Ti02 versus P205 diagrams (Fig. 2. 11 a), the KUre lavas and 
dykes show orthopyroxene + clinopyroxene + olivine and plagioclase 
fractionation. 
On the Ti versus Zr tectonic discrimination diagram (Pearce and Cann, 
1973; Fig. 2. 1 lb), the KUre lavas and dykes plot mainly in the field of 
unfractionated basalts, scattered into the IAT (island arc tholeiite), MORB 
(mid-ocean ridge basalt) and WPB (within plate basalt) fields. Only three,1ava 
samples plot in the evolved IAT field. These evolved lavas come from the 
western areas and occur as detached blocks. These samples are not plotted on 
the following tectonic discrimination diagrams. On the Ti/Y versus Zr/Y 
diagram (Meschede. 1986; Fig. 2. 12a), the Mire lavas and dykes mainly plot in 
the area of overlap between the N-MORB and VAB fields. In the Y versus Cr 
diagram (Pearce 1980, 1982; Fig. 2. 12b), some of the KUre lavas plot in the 
VAB (volcanic arc basalt) field, some in the area of overlap of the VAB and 
MORE fields and some in the MORE field. Isolated and sheeted dykes plot in 
the IAT field on this diagram. KUre extrusives and dykes plot mainly in the 
IAT and MORB fields on the 2Nb-Zr/4-Y, Ti/100-Zr-3Y and Ti02-1OMnO-
10P205 ternary diagrams (Fig. 2. 13a, b, c). The Y versus La/Nb diagram 
separates BABE from MORB and IAT. KUre lavas and sheeted dykes plot 
mainly in the field of BABE, a few in IAT, some in the MORE and some outside 
any defined field (Fig. 2. 14a). This could be a result of experimental error 
since La abundance is close to the detection limit, and there is also a possibility 
of oxidation of La during sample preparation (i.E. Dixon, personal comm., 
1989). On Ti versus V diagram (Shervais, 1982), all the lavas plot in MORB 
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for explanation. VAB: volcanic arc basalt, WPB: within plate basalt, MORB: mid-
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Fig. 2.12a: Ti/Y versus Zr/Y (Pearce and Gale, 1977); b: Y versus Cr (Pearce 
and Wanming, 1988) discrimination diagrams of the KUre extrusives and dykes. 
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Fig. 2. 13 Ternary discrimination diagrams of the KUre extrusives, dykes and 
sheeted dykes. a: 2Nb-Zr/4-Y (Meschede, 1986); b: Ti/100-Zr-Y3 (Pearce and 
Cann, 1973); C: Ti0210*MnO10*P205 (Mullen, 1983). See text for explanation. 
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Fig. 2. 14 a: Y versus La/Nb (Floyd et al., 199 1); b: Ti versus V (Shervais, 
1982) discrimination diagrams of the KUre extrusives and dykes. IAT: island arc 
tholeiite, N-MORB: normal- mid-ocean ridge basalt, OFB: ocean floor basalt, T+E 
MORB: transitional-enriched mid-ocean ridge basalt, FAPB: fore-arc platform 
basalt, BABB: back-arc basin basalt. BARB field in the Ti versus V diagram is 
taken from Harper et al. (1985). See text for explanation. 
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and IAT fields (Fig. 2. 14b). Also shown is the field of selected modern back-
arc basin basalts (BABB). The KUre lavas and dykes mainly plot in the BABE 
field. 
Further information can be gleaned by plotting MORB-normalised 
analyses on multi-element spidergrams. In most of these there is marked LIL 
(large - ion- litho phile) element enrichment, also Nb depletion, Ce and P 
enrichment and a negative slope between Zr and Ti ( Fig. 2. 15a, b). These are 
common characteristics of supra-subduction eruptive tectonic settings. 
However, some samples show flat HFSE (high-field-strength elements) 
patterns, without depletion of Nb relative to Ce, and only slight Ti depletion 
(Fig. 2. 16a). These lavas are considered to be MORE. Two samples from the 
western part of the KUre Complex are enriched and are interpreted as alkaline 
to transitional lavas (possible shoshonites). However, the MORE-normalised 
plots (Fig. 2. l6b) of these basalts show above subduction zone signatures. 
In summary, the geochemical evidence implies that the KUre basalts 
were erupted in a setting above a subduction zone. 
2.7 Clinopyroxene chemistry 
Compositional variations of clinopyroxenes of basalts and basaltic 
andesites from known tectonic settings have led to discrimination of magmatic 
affinity and different eruptive tectonic settings of basalts (Leterrier et al., 
1982). By using clinopyroxene chemistry, Leterrier et al. (1982) proposed 
several diagrams which discriminate alkaline, tholeiitic, calc-alkaline affinities 
in both orogenic and non-orogenic eruptive settings. Two lava samples were 
selected for electron microprobe study on clinopyroxenes. A total of 30 
clinopyroxene crystals were analysed. The analyses are given in Appendix 2. 
Sample K8925 comes from the upper part of the eastern ophiolite slice (i.e. 
pillow lava), in the mapped area, exposed to the E of KUre town (Fig. 2. 4), and 
the other sample (K8910) comes from the western ophiolite slice and is a 
massive lava, overlying a pillow lava flow, exposed along the KUre-Inebolu 
road. Both lavas have rather flat patterns in MORB-normalised spidergrams 
(Fig. 2. 17a), and can be interpreted as MORE-type. 
Leterrier et al. (1982) discrimination diagrams involves use of atomic 
abundances of elements. In the Ca+Na versus Ti diagram, clinopyroxenes of 
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both samples plot in tholeiitic and caic-alkali field (Fig. 2. 17b). In the Al 
versus Ti diagram, clinopyroxenes of both pillow lavas (i.e. sample K8925) 
and massive lavas (K8910) plot mainly along the division line which separates 
calc-alkaline lavas from tholeiitic lavas (Fig. 2. 18a). Some pyroxenes plot in 
the calc-alkaline field, forming a positive linear trend. Since clinopyroxenes of 
massive lavas are poorer in Ti and Al than those of the pillow lava, in this 
diagram, they plot in a lower position along the trend. The Ca versus Ti+Cr 
diagram is useful in discriminating orogenic and non-orogenic lavas. On this 
diagram, clinopyroxenes of the pillow lavas plot mainly in the non-orogenic 
field with a few in the orogenic field, while those of the massive lavas plot in 
the orogenic field (Fig. 2. 18b). 
2,8 Chrome spinel chemistry 
Further information on the tectonic setting of the Mire Ophiolite can be 
gathered by using chrome spine! chemistry. Recent work has shown that 
chrome spinet chemistry varies in MORB, IAT and boninitic (fore arc) settings 
(Dick and Bullen, 1984). Two serpentinite samples, containing rounded, red, 
chrome spinet grains, with darker margins were analysed by microprobe and 
results are given in Appendix 2. 
The diagram that discriminates tectonic setting is based on Cr#,  defined 
as Cr/Cr+Al and Mg#,  defined as Mg/Mg+Fe. Chrome spinels plot in the field of 
IAT on this diagram (Fig. 2. 19). 
2.9 Discussion 
The discriminant diagrams suggest that both MORB and IAT basalts are 
present in the KUre Complex. However, the widely accepted explanation for 
arc-related, depleted basalts is that they result from remelting of an already 
depleted mantle source, in the presence of water driven off a sub duction zone 
(Pearce, 1983, Pearce etal., 1984a; Saunders and Tarney, 1984). 
In the appropriate discrimination diagrams, the KUre lavas plot in the 
EABB field. Some of the KUre basalts closely resemble modern back-arc lavas, 
for example from the Lau Basin (Gill, 1976; Sunkel, 1990), East Scotia Sea 
(Saunders and Tarney, 1979; Tarney et al., 1981), West Philippine Basin (Wood 
et al., 1980), Bransfie!d Straights (e.g. Penguin and Deception Islands, Weaver 
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et al., 1979) and West Mariana basin (Dietrich et al., 1978). Similar depleted 
extrusives are also reported from the Neotethys units in Oman (Lippard et at., 
1986), SE Turkey (Aktas and Robertson, 1990), and Greece (Pindos ophiolite; 
Jones and Robertson, 1991). 
Both the clinopyroxene and the chrome spinel chemistry support a 
supra-subduction zone setting for the KUre Ophiolite. There is growing 
evidence that some supra-subduction zone chemical signatures may relate to 
an earlier sub duction event. For example, Late Tertiary basalts of the western 
U.S.A. show a supra-subduction zone signature, but were erupted in an 
extensional setting, following earlier subduction (e.g. Fitton et al., 1988). The 
supra-subduction zone chemical signatures of the Triassic Neotethyan basalts 
may also have been inherited from an earlier, Hercynian orogenic event 
(Robertson and Dixon, 1984). However, it is assumed here that the subduction 
zone imprint of the KUre Complex basalts is contemporaneous. 
For more information on the nature of the inferred marginal basin, I now 
move on to discuss the sedimentary rocks which depositionally overlie the 
KUre Complex oceanic crust. 
2. 10 Sedimentary successions 
Sediments depositionally overlying the KUre ophiolitic lavas (Fig. 2. 6) 
are mainly shales, alternating with terrigenous sandstones. Volcaniclastic 
sediments occur in local thrust sheets. Conglomerates, mainly debris flows, up 
to 50 m thick, are intercalated with the sandstones and shales, in the vicinity 
of the overriding 'Palaeozoic of Istanbul' thrust sheets, where calciturbidites 
are also locally present. 
In coherent successions, siltstones and thin-bedded sandstones first 
appear within the shales several metres above the ophiolitic extrusives. 
Coarse-grained and thick-bedded, often amalgamated, sandstones, up to 3 m 
thick, commonly occur in the higher parts of individual successions. Shale 
units between the sandstones are mainly finely laminated and less than 1 m 
thick. 
Although disrupted by numerous thrusts, intact units have been logged 
(Fig. 2. 20). Three types of successions occur: i) thin-bedded, siltstone-shale 
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for probe analyses of clinopyroxenes; b: Ca+Na versus Ti magmatic discrimination 
diagram of the pyroxenes (Leterrier et al., 1982). See text for explanation. 
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et al., 1979) and West Mariana Basin (Dietrich et al., 1978). Similar depleted 
extrusjves are also reported from the Neotethys units in Oman (Lippard et al., 
1986), SE Turkey (Aktas and Robertson, 1990), and Greece (Pindos ophiolite: 
Jones and Robertson, 1991). 
Both the clinopyroxene and the chrome spinel chemistry support a 
supra-subductjon zone setting for the KUre Ophiolite. There is growing 
evidence that some supra-subduction zone chemical signatures may relate to 
an earlier sub duction event. For example, Late Tertiary basalts of the western 
U.S.A. show a supra-subduction zone signature, but were erupted in an 
extensional setting, following earlier subduction (e.g. Fitton et al., 1988). The 
supra-subduction zone chemical signatures of the Triassic Neotethyan basalts 
may also have been inherited from an earlier, Hercynian orogenic event 
(Robertson and Dixon, 1984). However, it is assumed here that the subduction 
zone imprint of the KUre Complex basalts is contemporaneous. 
For more information on the nature of the inferred marginal basin, I now 
move on to discuss the sedimentary rocks which depositionally overlie the 
KUre Complex oceanic crust. 
2.10 Sedimentary successions 
Sediments depositionally overlying the KUre ophiolitic lavas (Fig. 2. 6) 
are mainly shales, alternating with terrigenous sandstones. Volcaniclastic 
sediments occur in local thrust sheets. Conglomerates, mainly debris flows, up 
to 50 in thick, are intercalated with the sandstones and shales, in the vicinity 
of the overriding Palaeozoic of Istanbul' thrust sheets, where calciturbidjtes 
are also locally present. 
In coherent successions, siltstones and thin-bedded sandstones first 
appear within the shales several metres above the ophiotitic extrusiv es. 
Coarse-grained and thick-bedded, often amalgamated, sandstones, up to 3 m 
thick, commonly occur in the higher parts of individual successions. Shale 
units between the sandstones are mainly finely laminated and less than 1 in 
thick. 
Although disrupted by numerous thrusts, intact units have been logged 
(Fig. 2. 20). Three types of successions occur: i) thin-bedded, siltstone-shale 
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alternations (e.g. N of Ikicay Bridge, old Inebolu-Kastamonu road, Fig. 2. 20c, 
d). The bed thickness is regular, not exceeding 5 cm. ii) sandstone-shale 
alternations, up to 200 m thick, are very common (Fig. 2. 20a, b). Typically 
amalgamated sandstones form the base of upward-thinning sequences. Up 
section shale interbeds increase and become dominant (e.g.AgIi-SogUtozu road 
in the W and Devrekani-Catalzeytin road in the E, Fig 2. 2). iii) up to 50 m 
thick, dominantly shale successions, with subordinate thin-bedded siltstone 
and fine-grained sandstones (e.g. Kaya Mah. in the N, in KUre mine area and 
along the GUrnek dere, E of KUre, Fig. 2. 4). 
Overall, the sandstones are typically well-bedded, with an average bed-
thickness of 10 cm, while individual beds are up to 2 rn thick. Graded bedding 
and parallel lamination are common, indicating an origin as turbidites, 
although complete Bouma sequences are rare (Bouma, 1962). Ta-Te, Ta-Td-Te, 
Tc-Td-Te successions are observed. The sandstones are brownish, to yellow 
brown on fresh and altered surfaces, respectively. Interbedded shales are 
dark brown, to black on weathered surfaces and greenish-brown to black on 
fresh surfaces. Red and green shales were observed at one locality (in GUrnek 
dere, E of KUre town, Fig. 2. 4) where they overlie the lava breccias with a 
sedimentary contact. 
In the west, the 'Palaeozoic of Istanbul is thrust over the KUre Complex, 
(e.g. in Ballidag to N of Daday, and SOgUtözU; Figs. 2. 2, 2. 5). Towards the basal 
thrust, debris flows (e.g. SogutozU area, Fig. 2. 3) are interbedded with typical 
KUre flysch. Individual debris flows are 50-60 cm thick near the base. Clasts 
are often well-rounded and include limestones, sandstones, carbonaceous 
shales and quartzites. Inverse grading is common at the base of some 
individual beds. The debris flows increase in thickness and clast-size 
structurally upward towards the contact. In places, the conglomerates are 
lenticular and are interpreted as channel deposits. The largest detached block 
(> 1 km size) is composed of Permo-Triassic red clastics that can be correlated 
with the overthrust Palaeozoic successions. 
A 2000 rn-thick tectonic slice of slightly metamorphosed greenish brown, 
foliated volcaniclastic sediment is locally exposed elsewhere (N of Yaraligöz, 
Fig. 2. 2; 2. 2 1). Lenses of sheared serpentinite occur along the basal contact. 
The volcaniclastics are rich in chlorite, quartz, sodic plagioclase and volcanic 
fragments, and contain secondary muscovite. 
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Fig. 2. 18. Clinopyroxene compositions from the KUre Complex extrusives. a: 
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Fig. 2. 19. Chrome spinel compositions from serpentiniseci peridotite of the 
KUre ophiolite plotted on the Cr# (Cr/Cr+A!) versus Mg# (Mg/Mg+Fe 2 ) diagram of 
Dick and Bullen (1984). See text for explanation. 
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Because of limited exposure of inverted turbidites and shearing, 
palaeocurrents are rarely seen in sandstones of the KUre Complex. However, 
some flute and groove casts were measured locally in the turbiditic sandstones 
and indicate WNW-ESE palaeocurrent (assuming cylindrical folding), parallel to 
the regional strike of the bedding (and the trend of the fold axes). At one 
locality, north-verging and north-facing slump folds were observed. 
In summary, the limited sedimentary structural evidence indicates 
WNW-ESE palaeo-flow and, at least locally, a northward-dipping palaeoslope. 
2.11 Sedimentary petrography 
In thin section, the sandstones are poorly sorted, dominated by angular 
to subangular clasts in a matrix of mainly fine-grained mica (sericite), iron 
oxide and rare sparry calcite. In many cases, the clastic grains are matrix-
supported, but grain-grain contact and suturing of grains are also observed 
(where secondary cleavage is developed). Terrigenous components are quartz, 
feldspars, mainly sodic plagioclase (with well preserved albite twins), lithic 
fragments, white mica and chlorite. Lithic fragments are mainly devitrified 
acidic volcanics. X-ray diffraction of the shales revealed quartz, albite, 
chlorite, muscovite, kaolinite, and pyrite. 
2.12 Chemistry of sediments 
Sedimentary geochemistry can help to indicate provenance and tectonic 
setting of a sedimentary basin, particularly when the sediments ar fine-
grained and/or metamorphosed. Major-element K20/Na20  and A1203/S102 
ratios and the trace elements La, Sc, Th, Ti, Zr, V are mainly used for 
provenance discrimination as these elements are not normally strongly 
fractionated during weathering and sedimentary transport (Bhatia, 1983; 
Bhatia and Crook, 1986; Roser and Korsch, 1986; Humphreys et al., 1991) 
A total of 24 samples were analysed for major- and trace-elements by X-
ray fluorescence spectrometry (10 sandstones and 14 shales). Representative 
analyses are given in Appendix 1. 
The sandstones plot mainly in the greywacke field on the Fe203+MgO-






















Fig. 2. 20. Sedimentary logs of the KUre basinal clastics. See text for 
explanation. 
Plate 2. 4: a. Quench texture in a pillow lava. Field of view is 2.2 mm (XPL). 
b. Typical KUre lava, showing microlitic matrix, with albitic plagioclase and 
pyroxenes. The matrix is intensely chloritised. Coarse plagioclase laths are cloudy 
due to alteration (XPL). Field of view is 4.4 mm. C: Conglomerate. The cement is 
sparry calcite. Clasts are siliceous siltstone, and igneous quartz. Field of view is 4. 
4 mm (XPL). d: Coarse sandstone. Clasts are volcanic and igneous quartz, siliceous 
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plot in the lithic sandstone field on this diagram. Both the sandstones and 
shales analysed have similar element ratios, but the degree of enrichment 
varies, interpreted as a grain-size effect. Correlations of Ti, V. K, Rb, Ni, and Cr 
with A1203 reflect detrital input. Positive correlations between K-Rb and K-Ba 
suggest that K-bearing clay minerals (illite, now muscovite) and feldspars 
primarily controlled the abundances of those trace-elements (e.g. McLennan et 
al., 1983; Fig. 2. 22a, b). On the Si02-K20/Na20 discrimination diagram (Roser 
and Korsch, 1986; Fig. 2. 23a), both the shales and sandstones plot mainly in 
the ACM (active continental margin) field, but some lie in the passive margin 
field (close to the dividing line). On La-Sc-Th (Fig, 2. 23b) and Zr/10-Th-Sc 
ternary diagrams (Bhatia and Crook 1986; Fig. 2. 24a) sandstones plot mainly 
in the CIA(continental island arc), as they do on the La/Sc versus Ti/Zr 
diagrams (Bhatia and Crook, 1986; Fig. 2. 24b). When plotted on multi-
element 'spidergrams", normalised against average shale (North American 
Shale Composite; Gtiet et al., 1984), the shales show marked enrichment in 
light REE and in mafic elements (i.e. V. Cr, Ni and Sc), interpreted as indicating 
both mafic and acidic igneous provenance (Fig. 2. 25a, b). 
2.13 Organic carbon study of shales 
A total of 60 shale samples were analysed for organic carbon, -sulphur 
and nitrogene. 37 of these samples come from the mapped area, collected 
along a north-south transect (the same samples are used for illite crystallinity-
see below). The method and the results are given in Appendix 4. 
The organic carbon content of the shales varies between 0.2 to 2.6 x. 
Black shales generally have the highest value of organic carbon. The sulphur 
content is generally greater than 2.5 %, up to 3.5 S. Some samples are 
essentially nitrogen free while some others contain up to 1 S nitrogen. 
2.14 flUte crystallinity 
To quantify the depth of burial within the KUre Complex, an illite 
crystallinity study was carried out on 60 shales along the mapped transect 
(Fig. 2. 26). The method used is based on Weber (1972) and is given in 
Appendix 3. The crystallinity of the 10 A illite mica peak is dependent on 
temperature. Therefore, low temperature metamorphic gradients can be 
defined by using the degree of illite crystallinity. 





Fig. 2. 2 1. S-N cross-section, showing the relation of volcaniclastic sediments 
to adjacent sediments and the structure of the KUre Complex, along the Yaraligoz-
catalzeytin road. 1: Marls and pelagic limestones of the Karadag Unit (Late 
Cretaceous), 2: Late Jurassic-Lower Cretaceous thick-bedded limestones (Inalti 
Formation), 3: Late Jurassic basal conglomerates, 4: Sandstone-shale alternation 
(KUre basinal clastics), 5: Volcaniclastic sediments with occasional acidic tuff 
interbeds, 6: Serpentinite. 
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Fig. 2. 22 Geochemical plots of the KtJre sediments, a: K versus Ba; b: K 
versus Rb. See text for explanation. 
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Fig. 2. 23 Geochemical plots of the KUre sediments. a: Si02 versus K20/Na20 
Moser and Korsh, 1986), b: Th-Sc-Zr/lO (Bhatia and Crook, 1986). See text for 
explanation. 
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Fig. 2. 24 Geochemical plots of the KUre sandstones. a: La-Th-Sc, b: La/Sc-
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Fig. 2. 25 Average shale normalised multi element spidergranas of the KUre 
sediments, a: shales, b: shales and sandstones. Normalising values are from 
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Fig. 2. 26 Illite crystallinity variation along the mapped area. The degree of 
Mite crystallinity increase towards major thrusts. The highest grade was 
established in a sheared black shale that exposed in the north (marked in the 
diagram), structurally beneath an ophiolite slice. This could be a result of 
fractional heating during thrusting. 
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Overall, these sediments are mainly in the high diagenetic field, some being 
close to the anchizone boundary (175 Hbrel; Kisch, 1987). Variations in the 
illite crystallinity across the transect reflect tectonic contacts. Notably, the 
degree of crystallinity increases towards major thrusts, as found in the 
Silurian from the Southern Uplands of Scotland (Kemp etal., 1985). 
2.15 Structure 
The apparent thickness of the KUre Complex is > 20 km (Figs. 2. 3, 2. 30). 
Intense zones of deformation and faulting, up to 10 m thick, commonly 
separate more coherent successions, up to several hundred metres thick. 
Shear zones mainly dip southward (Fig. 2. 31a), but are rarely well exposed 
and cannot be traced far from road sections. 
Throughout the KUre Complex a penetrative cleavage is developed within 
shales, subparallel to bedding. By contrast, more competent sandstones show 
little penetrative deformation. Shear zones are commonly marked by a scaley 
fabric in shales. Sandstone and sandstone -siltstone units commonly have 
undergone intense layer-parallel-extension, to produce blocks (phacoids) in a 
matrix of sheared black shale. More competent basalt blocks are also present 
locally (Plate 2. 5). 
Individual thrust packets are internally deformed by small-scale reverse 
faults, thrust faults and larger duplex structures (Plate 2. 5, Fig. 2. 32). At one 
locality (mid-way along the road from Otes6kU and Zetçe villages; NW of Ikicay 
bridge, Fig. 2. 4), a footwall duplex was observed. Line balancing of a 25 cm-
thick sandstone bed indicates ca. 60% shortening locally. Throughout the KUre 
Complex, small-scale thrust faults indicate relative northwards overthrusting. 
At the base, the ophiolitic thrust slices are marked by south-dipping 
narrow zones of sheared black shales with scaley fabrics. By contrast, the 
upper contacts are commonly undeformed sedimentary contacts, also dipping 
southward. Detached lava blocks are also locally present within the KUre 
Complex, surrounded by sheared shale. Occasionally exposed slickensides 
mainly indicate northward-directed movement within these shear zones. 
By contrast, some KUre Complex sedimentary successions are relatively 
undeformed, particularly the more competent thick-bedded sandstones, as in 
Plate 2. 5a. Sheared, N-verging chevron fold. Looking easward. Shear plane 
dips southward with low angle. b: Steeply plunging folds, exposed along the Agli-
Sagutozu road. c: North-verging fold developed in amalgamated turbidites. d: 
Duplex structure, well exposed to the north of Yaraligaz. 
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Fig. 2. 27 N-S Composite geological cross-section along the mapped transect. 
See text for explanation 
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Fig. 2. 28 Lower hemisphere stereoplots (Schmid net) of a: poles to thrusts, 




Fig. 2. 29 Geological cross section along the Agli-Sogutozu road, showing the 
structural and also sedimentological characteristics. Duplexes are widely 
developed; all these are compatible with northward-directed emplacement. 
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the east. Other areas, particularly those dominated by shale and thin-bedded 
sandstones (e.g. on the main road north of KUre town; Fig 2. 4, Enclosure 1) 
exhibit numerous medium-scale folds, ranging from tight asymmetrical folds, 
to chevron folds and more rarely, open folds. Most folds are sheared (Plate 2. 
5), but coherent folds preferentially occur in more sandstone dominated 
successions. Folds typically plunge at only moderate angles (less than 25*), 
but steeply plunging folds are common in some thrust packages (Plate 2. 5). 
As shown in Fig 2. 31b, there is a wide variation in fold axes, but WNW-ESE 
directions dominate. The clear majority of the folds verge north and, where 
way up evidence is available (i.e. grading, micro-cross lamination), they also 
face northward. Some north-facing, south-verging and south verging, south-
facing folds are also present. These could represent zones of back-thrusting 
within the complex, or reflect later deformation. Indeed, Late Jurassic 
shallow-water limestones are thrust over Early Cretaceous flysch in the area 
studied. Folds measured in the Early Cretaceous flysch indicate mainly 
southward vergence. This later deformation could also possibly explain some 
unusual south-facing structures in the KUre Complex. 
In summary, the closure polarity of the KUre Complex was northward 
directed. 
2.16 Granitic Intrusions 
The KUre Complex is cut by variable sized granitic intrusives, locally 
overlain by Late Jurassic red, basal conglomerates, rich in granite clasts. The 
intrusions are collectively assigned to the "Kastamonu Granitoid Belt" (Yilmaz 
and Boztug,1986), which also cuts the Cangaldag Complex and the Devrekani 
metamorphics further south. A Late Jurassic Rb/Sr age (165 Ma) was 
determined for an intrusion south of the study area. One view is that the 
granites relate to northward subduction of Palaeotethys (Yilmaz and Boztug, 
1986) and are "I-type" granites affected by continental crust contamination 
(Boztug et al., 1984). Alternatively, they are seen as "Tibetan-type' granites, 
related to thickening of the continental crust (Yilmaz and Sengor, 1985) after 
collision and closure of Palaeotethys. As a third possibility, Ustaömer and 
Robertson (in press, a) suggestöd that the granites may relate to subduction 
and closure of the Ktlre basin, independent of the northward closure history of 
the main Palaeotethyan ocean to the south. 
Be 
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Two such intrusions have been geochemically analysed, one in the north 
(Battallar, NW of KUre town), the other in the south (Devrekani granitoid). The 
first is a peraluminous monzoquartz diorite, and the second is a metaluminous 
quartz monzonite (Debon and Le Fort, 1982). On several discrimination 
diagrams, these granitic rocks plot in the VAG (volcanic arc granite) field. 
Separation, however, from syn-collisional granites is incomplete. The Rb 
versus Y+Nb diagram is useful for this purpose (Pearce et al.,1984b, Fig. 2. 30). 
Both intrusions plot in the VAG field on this diagram. 
2.17 Genesis of the Kilte Basin 
The ophiolitic slices of the KUre Complex originated as oceanic basement, 
above a subduction zone, probably in a marginal basin setting (Fig. 2. 3 1). This 
basin was of Triassic-Early Jurassic age, assuming the Carboniferous 
paiynoniorphsare reworked. 
The KUre extrusives were erupted on a topographically irregular ocean 
floor, as alternating pillow lavas and sheet flows. Lava breccias accumulated 
as talus on fault-controlled steep slopes, and as flow-front breccia (e.g. Carlisle, 
1983). Eruptions continued with little break, in view of the virtual absence of 
interbedded deep-sea sediments. The uppermost lavas were directly overlain 
by the massive sulphides, which were precipitated from high-temperature 
hydrothermal systems, similar to the black smokers of the modern oceans 
(Rona, 1984). Similar hydrothermal deposits have been discovered recently 
in SW Pacific marginal basins (Fouquet et al., 1991). After volcanism ended, 
the KUre oceanic crust was blanketed by hemipelagic muds and terrigenous 
turbidites, with possible west northwest- east southeast palaeo-flow. The 
mainly terrigenous metamorphic detritus was presumably derived from the 
Eurasian continent to the north and possibly, also from a rifted Devrekani 
metamorphic sliver to the south (UstaOmer and Robertson, 1990). Acidic 
igneous clasts within the terrigenous turbidites were probably derived from 
the Cangaldag arc unit in the south. 
2.18 Closure of the KUre marginal basin 
The structural evidence indicates northward thrusting during closure of 
the [CUre marginal basin. The time of suturing is constrained as pre-Late 
Jurassic, by unconfor m ably overlying shallow-water limestones. 
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Fig. 2. 30 Y+Nb versus Rb tectonomagmatic discrimination diagram (Pearce 




Fig. 2. 32 Plate tectonic reconstruction of the north Tethyan margin in the 
Central Pontides (after Ustaomer and Robertson, in press a, b, c, d). In this model, 
the KUre basin is opened above the northward-dipping Palaeotethyan subduction 
zone by rifting of continental slivers (i.e. Istanbul Fragment and equivalents) 
related to active margin/transform processes. 
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The KUre thrust stack could, in principle, have formed either in response to 
northward migration of a conventional foreland propagating stack of thrust 
sheets, gL as a subduction-accretion complex, related to southward subduction 
of the KUre marginal basin. In the absence of age data, possible age polarity 
across the belt, similar for example to the Southern Uplands of Scotland (e.g. 
Leggett et al., 1982) cannot be tested. However, the small-scale structures, 
including shearing and layer-parallel-extension, and also localised zones of 
tectonic mélange formation, are very similar to those of well known 
accretionary complexes, including the Franciscan Complex, Western U.S.A. 
(Blake and Jones, 1974; Blake et al., 1984) and the Shimanto belt, SW Japan 
(Taira et at., 1989). Since the KUre Complex was underlain by oceanic crust, 
which is mainly not now preserved, the explanation of the KUre Complex as a 
sub d uction- accretion complex is preferred. 
In summary, it is believed that the KUre Complex formed in the Late 
Palaeozoic as a marginal basin above a northward dipping subduction zone 
related to partial closure of Palaeotethys to the south. Previously, the KUre 
basin was interpreted as the main Palaeotethys. However, open oceanic 
sediments (e.g. radiolarian cherts), MORB-type extrusives and blueschists are 
absent and the main Palaeotethyan suture is now believed to have been 
located further south, represented by ophiolitic melanges, blueschists 
(Dom uzdag-Saraycikdag Unit, Chapter 6), accreted arc (Cangaldag  Complex, 
Chapter 5) and platform units (Gumusolugu-Kargi unit; Ustaömer and 
Robertson, 1990; Ustaömer et al., 1991; Chapter 7). The origin of the KUre 
Complex adjacent to Palaeotethys was similar to marginal basins formed 
around the Pacific ocean, including the Late Jurassic Josephine basin (S Oregon; 
Harper, 1984) and the modern Japan Sea (Taira et al., 1989). The terrigenous 
nature of the sediment fill suggests genesis as an intra-continental margin 
basin, in contrast to open oceanic marginal basins (e.g. modern Pacific Lau 
basin). 
The KUre ocean crust is directly overlain by shales, passing directly up 
into turbiditic sandstones. Indeed, the KUre basin was probably narrow (tens 
to several hundred kms at most), precluding true oceanic pelagic 
sedimentation (e.g. ribbon radiolarites). The basin gradually filled with deep-
water terrigenous turbidites, possibly constructing submarine fans. During 
closure, the oceanic basement was subducted, while the sedimentary cover 
øiapta- 2: Xd2re Complex 
was detached and accreted, with little time fcr true trench-type deposition to 
occur. 
2.19 Regional Comparisons 
The Black Sea is widely believed to have opened as a back-arc basin in 
the Late Cretaceous, related to northward subduction of Neotethys (Sengor and 
Yilmaz, 1981; Dercourt et al., 1986). Counterparts of the KUre Complex may 
thus be present in the Circum-Black Sea region (Chapter 3). This does indeed 
appear to be the case as the Crimean Peninsula includes a thick sequence of 
turbiditic siliciclastics with Per mo-Carboniferou s limestone blocks (Taurian 
Series), which is interpreted as a sub duction-accretion prism similar to the 
KUre Complex. Counterparts may also exist in the Caucasus as thick Devonian-
Early Jurassic flysch with cherts, lava blocks and limestones (Dizi Series, 
Southern Slope; Adamia and Lordkipanidze, 1987). Correlations can also be 
made with the Dobrogea, where turbiditic sediments with slivers of seamount 
type extrusives are exposed (the Triassic-Early Jurassic Nalbant flysch; Herz 
and Savu, 1974; Chapter 3). 
In conclusion, the KUre Complex and counterparts in the Crime,a, Caucasus 
and Dobrogea formed by rifting of the South Eurasian continental margin, in 
response to northward subduction of Palaeotethys in Late Palaeozoic time. 
The later Black Sea marginal basin formed similarly in response to Late 
Mesozoic northward sub duction of Neotethys. 
2.20 Summary 
The KUre complex is a 20 km-thick unit, that was assembled by 
thrusting and is not a layer-cake succession, as previously believed. 
Dismembered sheets of mafic extrusives, intrusives and ultramafic 
rocks are interpreted as a dismembered ophiolite. Remnants of a sheeted 
dyke complex are recognised for the first time. 
Stable, major- and trace-element chemical data indicate MORB and 
more depleted, lAB-type extrusives, that probably were erupted above a 
sub duction zone in a marginal basin setting. 
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The KUre economic massive sulphide deposits formed at the contact 
between the highest extrusives and the overlying sedimentary cover. They 
formed from high-temperature black smokers as Cyprus-type deposits as in 
the modern oceans, including back-arc basins. 
The extrusives are depositiorially overlain by hemipelagic muds, 
passing up into successions of deep-sea turbidites, hundreds of metres-thick 
and of mainly terrigenous provenance. 
The geometry of folds, thrust duplexes and slickensides indicate a 
northward thrust polarity within the KUre Complex. 
The KUre Complex is interpreted as a subduction-accretion complex, 
related to southward closure of the KUre marginal basin and detachment of the 
overlying sediments to form an accretionary prism. 
The KUre Complex is interpreted as a marginal basin that opened 
along the south margin of Eurasia in Late Palaeozoic time, related to northward 
closure of Palaeotethys further south. The KUre Complex is thus not the main 
Palaeotethyan suture, as in some earlier interpretations. 
94 
CHAPTER 3 
TRIASSIC-EARLY JURASSIC CIRCUM-BLACK SEA 
MARGINAL BASIN COMPLEX 
3.1 Introduction 
In the previous chapter, the KUre Complex was defined as a subduction-
accretion complex, related to closure of the KUre marginal basin. In this 
chapter, comparable tectonic units of the circum-Black Sea regions will be 
described (mainly based on the literature) as a basis for reconstruction of a 
regionally important marginal basin. This is considered to have opened, then 
closed along the south Eurasian active margin, related to northward 
subduction of the Palaeozoic Tethys Comparisons with modern and ancient 
marginal basins will then be made. 
Counterparts of the KUre are found in the adjacent Crimea (Taurian 
Series), Istranca (Zabernevo Complex), Dobrogea (Nalbant flysch) and Caucasus 
(pre-Late Jurassic Southern Slope Basin) regions (Fig. 3. 1, Enclosure 6). 
Within the Pontides, continental units are exposed in the northwest 
(Istranca Massif), west (Istanbul Fragment) and east (Bayburt Fragment). 
Other areas of the Pontides, mainly "flysch' and volcanics, are interpreted 
essentially as sub duction-accretion complexes that were amalgamated with 
Eurasia during Late Palaeozoic-Early Mesozoic time (Fig. 3. 2). Recent work 
indicates that subduction of 'Palaeotethys in the Late Palaeozoic-Early 
Mesozoic was dominantly northward, under the active southern continental 
margin of Eurasia (Fig. 3. 3). This subduction gave rise to Late Palaeozoic 
volcanic arcs sited along the south Eurasian margin and within the adjacent 
Tethys ocean. These arcs, including the cangaldag Complex of the Central 
Pontides (Chapter 5) and, possibly also other arc units exposed in the Armutlu 
Peninsula, Western Pontides and the Agvanis Mountains, Eastern Pontides (Fig. 
3. 1). 
I now go to consider possible equivalents of the Central Pontide units, 
exposed in adjacent areas. 
Fig. 3. 1 Compiled geological map of the Circum-Black Sea region, showing 
the distribution of the Pre-Late Jurassic tectonic units and major tectono-
stratigraphic features (after Ustaömer and Robertson, in press b). This map is 
given as Enclosure 6 at the pocket of the thesis. 
SM: Serbo-Macedonjan massif, KTB: Kocaeli Triassic Basin, NO: Nicilitel 
Ophiolite, RD: Rhiou Depression, S: Svanetia uplift, DS: Dzirula Salient, CUZ: 
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3.2. 1 Palaeozoic of Istanbul 
The "Palaeozoic of Istanbul' (Chapter 1, 2), exposed to the west of the 
KUre Complex (Fig. 3. 1, 3. 2), is widely interpreted as a south-facing Palaeozoic 
passive margin (Sengor and Yilmaz, 1981). The sequence (Fig. 3. 3a) starts 
with Cambro-Ordovician continental clastics, unconform ably overlying a gneiss 
basement. Above this are Early Ordovician-Early Silurian quartzites and 
siliceous, laminated shales, often with orthoquartzite lenses. Higher again, 
shallow-marine limestones and overlying, fossiliferous shales, interbedded 
with calciturbidites, are Late Silurian-Early Devonian in age. These sediments 
pass upward into Late Devonian nodular limestones and are, in turn, 
conformably overlain by Early Carboniferous radiolarian cherts with 
phosphate nodules. This is followed by a thick sequence (> 2000 m) of Early 
Carboniferous "flysch" with cherty limestones blocks. In the east, however, 
the upper part of Liie sequence is shalliw marine, to continental, and contains 
coal measures. In the tectonic model proposed here, the Palaeozoic of Istanbul 
represents part of the southern margin of Eurasia, adjacent to Palaeotethys 
(Fig 2. 34). 
3.2.2 Triassic Kocaeli Basin 
Further west, in the Kocaeli Peninsula, a north-south trending Permo-
Triassic basin is floored by the Palaeozoic of Istanbul (Fig. 3. 3b). The 
sequence starts with red fluvial clastics, intercalated with alkaline lava flows 
in the upper part. Transgression began in early Scythian (Early Triassic) with 
deposition of dolomitic limestones, carbonate grainstones and shale. Above, is 
a micritic , many limestone succession, with occasional oolitic interbeds. This 
is overlain by Late Scythian dolomitic limestones with neptunian dykes and, in 
turn, passes into nodular limestones of a few metres thick (i.e. Halstatt fades) 
of Ladinian age. This is followed by a thick sequence (> 1000 m) of Carnian-
aged "flysch", rich in Halobia within shaly partings. The Kocaeli basin 
apparently closed by the end of Late Triassic time, since Cretaceous 
conglomerates unconformably overlie the Triassic successions, without known 
Jurassic deposits. 
Formation of the N-S trending Kocaeli basin could relate to E-W rifting of 
the KUre Basin further northeast. Indeed, it is suggested here that the Kocaeli 
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Triassic Basin sequences. See text for explanation. 
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Triassic basin may represent a failed rift, associated with the opening of the 
KUre basin, and which later closed in the Late Triassic-Early Jurassic at the 
same time as the KUre basin. 
3.2.3 Circum-Black Sea Regions 
This section summarises comparable units in the Circum-Black Sea region 
in the Crimea to the north, the Istranca and Dobrogea to the west and the 
Caucasus to the east (Fig. 3. 1). 
It is widely accepted that the Black Sea opened as a back-arc basin 
during the Cretaceous, related to northward subduction of Late Palaeozoic-
Mesozoic Neotethyan oceanic crust (Zonenshain and Le Pichon, 1986; $engdr et 
al., 1988, GörUr, 1988). Thus, equivalents of the KUre Complex were separated 
by the opening of the Black Sea and are now located in adjacent regions (Fig. 3. 
1). 
3.2.3.1 Crimea 
The Crimean Peninsula (Fig. 3. 1) includes thick sequences of turbiditic 
siliciclastics, including Permo-Carboniferous limestone and gabbro blocks 
(Taurian Series). To the north is the Scythian platform with a Palaeozoic 
basement of quartzites and slates overlain by limestones, sandstones and 
shales. These sediments are cut by diabasic, gabbroic and granidioritic 
intrusions. The following summary is based on data given by Permyakov and 
M aid anovich (1984). 
The Taurian Series includes Triassic to Early-Mid Jurassic, mainly 
terrigenous, sediments, unconformably overlain by Late Jurassic basal 
conglomerates (Permyakov and Maidanovich, 1984). The Triassic is 
represented by a 1500 m-thick 'flysch' sequence. The early-mid Liassic 
comprises interbedded arkosic sandstones, siltstones and shales, with 
limestone lenses, containing a Sine m urian-Pliensb achian fauna. Quartzo-
feldspathic sandstones interbedded with shales of Toarcian age are 
unconformably overlain by Late Toarcian to Mid-Jurassic deposits (Kacha-
Salgir area), represented by siltstone-shale alternations at the base and cross-
bedded sandstones with coal seams above. Conglomerates (the Bitack 
conglomerates), sandstones and shales occur higher in the succession. All 
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these units (except the Bitack conglomerates) are overlain by a calc-alkaline 
volcanogenic sequence, of Late Bajocian age, including keratophyres, basaltic 
andesites, spilites, lithic tuffs, tuffaceous sediments, shales and sandstones. 
The Bathonian-lower Callovian interval comprises a ftysch sequence with 
limestone interbeds. Overall, the sequence indicates sedimentation in a 
tectonically active basin. 
It is suggested here that the Triassic-Mid Jurassic Taurian Series 
represents a subduction-accretion prism, similar to the KUre Complex. Late 
Jurassic, unconformably overlying coal-bearing sediments were possibly 
deposited in fore-arc basins, constructed on uplifted segments of the 
accreticary prism. The Taurian Series exhibits an overall southward 
structural vergence, in marked contrast to the KUre Complex. Subduction was 
possibly northward and if so, Late Jurassic volcanics could relate to subduction 
of this basin. Indeed, the Taurian Series and KUre Complex possibly formed on 
opposite margins of the same marginal basin. Subduction northward in the 
north and southward in the south would have given rise to the observed 
opposing structural emplacement directions. 
3.2.3.2 Istranca Zone of Turkey and Bulgaria 
The following descriptions are based on Aydin (1974) Chatalov (1980, 
1988), Dabovski et at. (1992) and Sengdr et al. (1984). 
3,2.3.2.1 Turkey 
The Istranca Massif in Turkey is located in the NW Pontides and forms a 
NW-SE trending belt, extending into Bulgaria further NW. The Istranca Massif 
is bordered by the Late Mesozoic-Tertiary Thrace Basin in the south, while the 
Black Sea lies to the north. The Istanbul Fragment is exposed to the SW, but 
the contact with the Istranca Massif is obscured by younger sediments (Fig-3. 
1). The basement of the Istranca Massif consists of gneisses, cut by Hercynian 
granitoidic intrusions (Fig. 3. 4; Aydin, 1974). Above this basement, Triassic 
basal conglomerates, sandstones and shales are exposed, passing upward into 
carbonates and then into basinal sediments (Fatmakaya and Kapakli 
Formations). The sequence was deformed, metamorphosed and cut by granitic 
intrusions prior to Late Jurassic time. 	Later Mesozoic sequences 
unconformably overlie this deformed basement. 
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Fig. 3. 4 Generalised stratigraphic column section of the Istranca Zone in 
Turkey (after Aydin, 1974, 1982). 
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3.2.3.2.2 Bulgaria 
The Istranca zone of Bulgaria forms an east-west trending belt near the 
Turkish border (Fig. 3. 0. Late Cretaceous volcano-sedimentary sequences 
and Palaeogene -Neogene deposits border the Istranca Zone to the north. 
Above an autochthonous unit, three nappes are present (Fig. 3. 5): the lower, 
Sakar Nappe and the upper, Zabernovo Nappe, which itself, is divided into 
lower and upper nappe units (Dabovski et at., 1992). 
The basement of the autochthonous unit mainly comprises Precambrian 
gneisses and amphibolites (Fig. 3. 5a), unconfornaably overlain by an Early 
Palaeozôic volcano-sedimentary sequence ("diabase-phyllitoid association), 
overlain by felsic lavas and pyroclastics. Late Carboniferous-Permian 
successions rest unconformably on these Early Palaeozoic units, and are 
represented by metaconglomerates and metabreccias, followed by 1500 rn of 
metaclastics, then felsic lavas and pyroclastics. An unconformably overlying 
Triassic sequence ("Balkariide-type Triassic; Chatalov, 1980) is mainly 
composed of fluvial metaclastics in the lower part (Early Triassic), overlain by 
shallow-marine metapelitic-psammitic sediments, interbedded with 
recrystallized limestones (Early Triassic). The Anisian-Ladinian interval is 
represented by a 300 rn-thick dolomitic sequence, followed by Carnian-Norian 
conglomerates and limestones. A Jurassic sequence lies unconformably on the 
Triassic units. Quartzitic sandstones with local conglomerates, form the 
lowermost Jurassic interval. These sediments are overlain, in turn, by shallow 
marine, sandy and detrital limestones (Pliensb achian-A alenian), sandstones 
(Sine murian-Toarcian), an up to 700 rn-thick unit of black shales with 
olistostromes (Bajocian), then detrital limestones (Bathonian). 
The structurally overlying Sakar Nappe (Fig. 3. 5b) includes a 
Precambrian basement that is correlated with the Pre-Rhodopian Supergroup 
of the Rhodope Massif (Dabovski et al. 1992). Unconformably overlying this 
basement is a métaconglomerate and metagraywacke unit, assumed to be Late 
Carboniferous in age (Chatalov, 1988). Hercynian granites cut both these units. 
As in the autochthon (see above), the Triassic succession lies unconformably 
on older units. Fluvial metaconglomerates, rnetasandstones and micaschists 
form the lowermost Triassic. These are overlain by a 1700 rn-thick, shallow-
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Fig. 3. 5 Generalised column sections of the Istranca Zone in Bulgaria (after 
Dobovski et al., 1992). Structural order of these successions to each other is also 
shown schematically. See text for explanation. 
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meta-arkoses, then 1000 in of shallow-marine calcitic and dolomitic marbles, 
of Anisjan-Ladinian age. 
Structurally above the Sakar Nappe, the Zabernovo Nappe consists of 
two thrust sheets (Fig. 3. 5c). The lower sheet is represented by Mid-Triassic, 
recrystallised carbonates (i.e. Kondolovo Limestone and equivalents) at the 
base, which are overlain by Late Triassic "flysch', ca. 1000 in-thick (Lipachka 
Formation). The upper thrust sheet is represented by calcareous phyllites, 
with occassional interbedded limestones, metadiabase and quartz 
keratophyres near the base. This part of the sequence is Early Triassic, based 
on conodonts. The higher levels of the upper thrust sheet comprise a volcano-
sedimentary sequence, mainly phyllites, with intercalations of meta-
graywacke, marble, basic and felsic metavolcanics and pyroclastics. Massive 
sulphides, dated as Permo-Triassic (215 Ma U-Pb; 250 Ma Th-Pb; Chatalov, 
1988) are locally developed, associated with bimodal volcanics in the 
Gramatilcova ore field. The uppermost part of the upper thrust sheet is 
dominated by meta-arkoses with few phyllites. 
Correlation of tectonic units between Bulgaria and Turkey is difficult 
based on existing geological maps. The Late Palaeozoic-Triassic Zabernevo 
Nappe in Bulgaria, for example joins units mapped as Jurassic in Turkey 
(Bingöl, 1988; Aydin, 1974). In the compilation map, the Kapakli Formation is 
shown as being the equivalent of the Zabernevo Nappe, and the Fatmakaya 
Formation and its Hercynian basement is equated with the Sakar Nappe (Fig. 3. 
1). 
The Triassic sequence of the Sakar Nappe is very similar to the 
Balkanide-type Triassic of the autochthon (see above), the main difference 
being the amphibolite facies metamorphism of the Sakar Nappe, which 
resulted from deeper burial. The lower nappe of the Zabernovo Nappe is 
interpreted as a sequence that accumulated during the transition, in Triassic, 
from a passive margin platform to a foreland basin, related to thrust sheet 
emplacement (i.e. Kondolovo limestone-platform, Lipachka Formation-foreland 
basin). The upper nappe is then interpreted as a sub duction-accretion 
complex, similar to the KUre Complex. The chief similarities between the 
Zabernevo Nappe and the KUre Complex are as follows: i) Open ocean 
sediments (i.e. cherts) are notably missing both from the KUre Complex and 
the Zabernevo Nappe; ii) "Bimodal volcanism" is common in both units. 
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However, dacitic volcanism is an expression cf Mid-Jurassic arc magmatism in 
the KUre Complex, and entirely postdates the ophiolitic rocks of the KUre 
Complex. In the Zabernevo Nappe, acidic volcanism may also be associated 
with similar Mid-Jurassic magmatism, since Mid-Jurassic granitic intrusions 
are common within the Istranca Zone; iii) Basic extrusive slices are present in 
both the Zabernevo Nappe and KUre Complex. The basic volcanics of the 
Zabernevo Nappe are interpreted as accreted oceanic crust, as in the KUre 
Complex. If so, the supra-subduction zone chemistry of the basic lavas in both 
units could reflect similar tectonic setting of formation and emplacement; iv) 
Massive sulphides (i.e. cupriferous pyrites) are present in both units. Those in 
the Zabernevo Nappe are radiometrically dated as Permo-Triassic (Chatalov, 
1988). The sulphides in both areas are interpreted as accreted Cyprus-type 
deposits; v) Dominantly north-vergent structures in both the KUre Complex 
and the Zabernevo Nappe are compatible with southward underthrusting (i.e. 
northward-directed emplacement). The sediments of the KUre Complex are 
mainly quartzo-feldspathic clastics, whereas carbonates dominate the 
Zabernevo Nappe. The provenance of the KUre Complex was dominantly 
metamorphic and igneous. However, the KUre Basin equivalents further west, 
in the Istranca Zone, were bordered to the north by Triassic carbonate 
platforms. Limestones were, therefore redeposited into the basin. However, 
there is little evidence that either of these basins was a major ocean. 
In the tectonic model (see below), the Sakar Nappe is envisaged as the 
northern passive margin of the KUre basin in the Istranca Zone, forming the 
southern margin of the Moesian Platform. The southern margin would then be 
the Rhodope Massif, which rifted-off, southward, from the Moesian Platform to 
form the KUre Basin in latest Palaeozoic-Early Triassic time. This basin later 
closed with southward subduction, collapsing the northern passive margin, 
which was then deeply buried beneath the toe of the accretionary complex. 
Late Triassic limestone and conglomerate deposits of the autochthon could 
then be interpreted as a shallowing event related to the formation of a 
forebulge prior to northward overthrusting by the allochthons. Final 
convergence resulted in detachment of the deeply buried Sakar Unit and 
emplacement of the whole thrust stack over the autochthon, prior to Late 
Jurassic. 
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3.2.3.3 Dobrogea 
The Dobrogea, located NW of the Black Sea (Fig. 3. 1), is bordered by the 
Scythian Platform to the north, the Moesian Platform to the south and the 
Carpathian foreland basin to the west. The Dobrogea is subdivided into two 
zones, the Macin Zone in the south and the Tulcea Zone in the north. The Macin 
Zone was thrust over the Tulcea Zone from north to south (Sengor, 1984). 
Intense Late Palaeozoic deformation was caused by collision of the Moesian 
Platform with the South Eurasian margin (i.e. Scytian Platform; Herz and Savu, 
1974). The Dobrogea represents the northern active margin of the Moesian 
Platform. CaIc-alkaline volcanics were erupted in the Permian, followed by 
collision and uplift in the latest Palaeozoic. In the Ladinian, rifling was 
associated with basaltic volcanism, interpreted as the result of the Moesian 
Platform and Pannonian splitting off westward, away from the Scythian 
Platform (Herz and Savu, 1974; Macin and Tulcea Zones); this was followed by 
spreading and formation of two oceanic basins. The northern of these basins 
was closed prior to Late Jurassic, giving rise to the Late Triassic-Early Liassic 
Nalbantian flysch, which is interpreted as a subduction-accretion complex, 
including seamount slices (i.e. Niculitel ophiolite, Herz and Savu, 1974; Savu, 
1980). The Nalbantian flysch is correlated with the Taurian flysch of Crimea, 
the Devonian-Early Jurassic Southern Slope basin in the Caucasus and the KUre 
Complex of the Central Pontides. 
3.2.3.4 Caucasus 
The following descriptions of the Caucasus are based on the work by 
Khain (1979), Adamia et al. (1981, 1982,1987a, b), Shavishvili, 1983; Adamia 
and Lordkipanidze(1987), Stampfli et al. (1991), Kazmin (1991) and Belov et 
al. (1986). 
The Caucasus is divided into four different tectonic zones. From north to 
south, these are: 1) Bechasin, ii) Fore-Range, iii) Main-Range (Great Caucasus) 
and iv) Transcaucasus (Fig, 3. 0. In the north, the Pre-cambrian basement of 
the Bechasin Zone (Fig. 3. 6a) was overlain by Cambrian to Early Devonian 
clastics and carbonates. Carboniferous red molasse' unconformably overlies 
this sequence. The Fore-Range zone is a thrust stack, with northward vergence 
(Khain, 1979). Notably, the Andryuk-Tokhan nappe (Fig. 3. 6b) consists of 
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Fig. 3. 6 	Generalised stratigraphic column sections of the northern Caucasus 















Chapter 3: Triassic -trüj Jurassic C rcuvn-Pjüwk Sea ?Larn( Basin Complex 	
109 
Silurian-Early Carboniferous deep-marine volcanics, siliceous shales and thick 
'flysch sequences, with ophiolite blocks. Late Palaeozoic-Triassic 
conglomerates unconformably overlie this sequence. The Urup nappe (Fig. 3. 
6c), essentially comprises Devonian-Early Carboniferous basic and acid lavas, 
acidic tuffs, and volcanic conglomerates, with shaly partings throughout, in 
turn followed by sandstones, shales and limestones. The Urup nappe is 
interpreted as a volcanic arc (Khain, 1979 ). The Arkhyz nappe (Fig. 3. 6d) 
consists of a dismembered ophiolite and associated Palaeozoic deep-sea 
sediments, exposed in various thrust sheets (Adamia et al., 1987 b). The 
Bechasin Zone is interpreted as a collapsed south-facing passive margin 
sequence (Khain, 1979), tectonically overlain by an oceanic arc, ophiolites and 
associated melange (Andryuk-Tokhan, Urup and Arkhyz nappes). All these 
units were tectonically assembled, uplifted and then unconformably overlain 
by Late Carboniferous clastics. 
The Great Ca:sus is divided into two zones, the Main Range in the 
north, and the Southern Slope in the south (Adamia et al., 1982). The Main 
Range zone (Fig. 3. 6e) comprises Precambrian-Palaeozoic, para- and ortho-
gneisses, amphibolites, marble lenses and garnet-mica schists, intruded by 
mid-Palaeozoic and Tournasian granitoid. Coal-bearing clastics unconformably 
overlie this sequence. The Southern Slope Zone (Fig. 3. 6f) is represented by 
the Dizi Series at the base, which is correlated with the Taurian Series of the 
Crimea. This is a thick 'flysch sequence, with cherts, limestones, 
conglomerates, and andesitic tuffs in the lower part. The age of the Dizi Series 
ranges from Middle Devonian to Early-Mid Triassic. A several kilometre-thick 
'slate-diabase sequence' of Liassic age locally unconformably overlies the Dizi 
unit. Volcanics within this unit are of MORB type (Adamia et al., 1982). The 
sequence has been interpreted as a response to transform-related rifting of 
the South Eurasian active margin, leading to the opening of the Khoura 
depression and separation of the Dzirula-Khrami-Loki salients of the 
Transcaucasus to the south (Stampfli et al., 1991) to form an intra-arc basin. 
The Dizi series is interpreted here as an accretionary prism similar to the KUre 
Complex. Prior to Late Jurassic, the Southern Slope basin was deformed and 
intruded by Mid-Jurassic granites and associated calc-alkaline lavas, similar to 
those of the Istranca Zone and the KUre Complex. Late Jurassic-Eocene 
sediments unconformably overlie the older units. 
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The Caucasus Mountains reflect the long-lived active margin history of 
the southern continental margin of Eurasia. A long and complex history since 
the Late Palaeozoic included transform-related rifting, sub duction-accretion, 
arc genesis and inter-arc basin formation (Adamia et al., 1977, 1981, 1987). 
This history is similar to that inferrrd for the Pontides, where rifting, 
subduction- accretion, arc genesis and back-arc basin formation are 
documented (Ustaömer and Robertson. 1990; Ustadmer et al., 1991; Ustadmer 
and Robertson, 1992). The eastern Pontide basement can be correlated with 
the Transcaucasus basement, as their Mesozoic history is very similar. The 
western Pontide basement (the Palaeozoic of Istanbul) is stratigraphically and 
lithologically similar to the South Eurasian passive margin of the Caucasus 
during Early-mid Palaeozoic (the Bechasin Zone). The nature of the Early 
Carboniferous flora suggests that the Palaeozoic of Istanbulis linked with 
Eurasia (e.g. Donetz basin; Kerey, 1984). Palaeomagnetic data from the 
Scythian alkaline lavas in the Kocaeli Peninsula (see above) also imply 
Eurasian pole positions for the Istanbul Fragment (Saribudak et al., 1989). 
Island arc and accretionary prism units (e.g. Fore-Range zone) are 
inferred to have collided with passive margin sequences (Bechasin Zone) in the 
Late Palaeozoic, causing uplift. Similar deformation affected the Palaeozoic of 
Istanbul in the west, but the cause is unknown. One possibility is collision of a 
continental margin arc (Armutlu Metamorphics), exposed to the immediate 
south of the Palaeozoic of Istanbul in Late Palaeozoic time. 
The pre-Late Jurassic Southern Slope Basin is correlated here with the 
KUre Basin. The Southern Slope Basin opened in the Late Palaeozoic, with 
rifling of a continental sliver (i.e. the Transcaucasus), similar to the opening of 
the KUre Basin. Both basins were later filled with dominantly terrigenous 
sediments. 
In summary, comparisons of the KUre Complex with the Dobrogea, 
Istranca, Crimea and Caucasus suggest that a single marginal oceanic basin 
system opened from the east to the west during Late Palaeozoic to Early 
Mesozoic time along the South Eurasian active margin. This marginal basin 
complex was related to dominantly northward subduction of the 
"Palaeotethyan" ocean located to the south. Closure of the marginal basin 
complex was apparently directed northward in the north and southward in the 
south. The similarities of the Late Jurassic unconformable sediment cover in 
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the Dobrogea, Crimea, Caucasus and the Central Pontides suggest that the 
marginal basin system had entirely closed by this time. 
3.3 Comparison with modern and ancient marginal basins 
I now go on to compare the inferred circu rn-Black Sea, Late Palaeozoic-
Early Mesozoic marginal basin system (Fig. 3. 7) with modern and ancient 
counterparts. The Sea of Japan marginal basin, which opened behind the 
Japanese volcanic arc by anti-clockwise rotation of northeast Japan and 
clockwise rotation of southwest Japan 15 Ma ago (Tamaki, 1986; Taira et al., 
1989) shows marked similarities to the Circum-Black Sea marginal basin 
complex. Also comparable is the Bransfield Straight marginal basin in the 
Antarctic, which formed by crustal extension behind the South Shetland 
Islands (Weaver et al, 1979). Similarities also exist with the Late Miocene-
Pliocene opening of the Tyrrhenian Sea, Western Mediterrranean (Kastens et 
a!,, 1987; Robertson et al., 1990). The fill of this marginal basin is almost 
entirely terrigenous, except in the southeast, close to the Aeolian volcanic arc, 
similar to the KUre Complex. In the Tyrrhenian Sea, the earliest arc volcanism 
post-dated marginal basin opening by several million years. In addition, some 
of the KUre basalts closely resemble modern back-arc lavas, for example from 
the Lau Basin (Gill, 1976; Sunkel, 1990), East Scotia Sea (Saunders and Tarney, 
1979; Tarney et al., 1981), West Philippine Basin (Wood et al., 1979), 
Bransfield Straights (e.g. Penguin and Deception Islands, Weaver et al., 1979; 
Tarney et al., 1982), and West Mariana Basin (Dietrich etal., 1978). 
The circum-Black Sea marginal basin system can also be compared with 
inferred marginal basin units in a number of orogenic belts. For example, the 
KUre marginal basin is similar to the Late Jurassic Josephine ophiolite and its 
sedimentary cover in the Western Klamath Mountains, Western U.S.A. The 
Josephine ophiolite developed by rifting of the North American continental 
margin (Harper, 1980; 1983, Saleeby et al., 1982), above an eastward dipping-
sub duction zone. A continental sliver was rifted off and overlain by a volcanic 
arc complex (Chetco Complex), similar to the Devrekani metamorphic unit and 
adjacent Qangaldag arc Complex in the Central Pontides. The Josephine 
ophiolite extrusives are depositionally overlain by small hydrothermal 
deposits, thin radiolarian mudstones and, then by hundreds of metres-thick 
successions of shales, interbedded with terrigenous and volcaniclastic 
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Fig. 3. 7 Palaeogeographic map of the north Tethyan margin, showing the 
Triassic Palaeotethyan marginal basin complex, that opened related to transform 
and/or active margin processes. This basin complex later closed by southward 
underthrusting by Late Jurassic. Palaeotethys remained open to the south. 
Following closure of the marginal basin complex, further compression was taken 
up by initiation of new subduction system along the southern margin of Eurasia 
(after Ustaömer and Robertson, in press b). 
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turbjdjtes (Galice unit), somewhat similar to the KUre sediments. The KUre 
Complex can also be compared with the Highland Border Complex of the 
Scottish Caledonides. The Highland Border basin opened in a transtensional 
setting, probably above a northward-dipping subduction zone in the Early 
Ordovician (Robertson and Henderson, 1984). The ophiolitic extrusives there 
show both MORB and depleted MORB chemistries, similar to the KUre basalts. 
The sediments in tectonic contact with the highly dismembered Highland 
Border ophiolite are dominantly black shales and terrigenous turbidites, 
similar to the KUre Complex. Comparisons can also be made with the Andean 
'Roccas Verde' in South America, which represents the uplifted basement of a 
back-arc basin, that opened in the latest Jurassic-Early Cretaceous, following 
rifting of active arc and continental basement units from the south American 
continent (Dalziel et al., 1974). The oceanic basement of this marginal basin 
was then overlain by terrigeneous sediments, including andesitic clasts and 
minor chert. The extrusives are of MORB-VAB type, similar to modern back 
arc basin lavas (Saunders et al., 1979). The South American marginal basin 
later closed in the mid Cretaceous when the arc impinged on the continental 
margin. More generally, the above- sub duction zone chemistry of the KUre 
volcanics is similar to some "Neotethyan" ophiolites, as in Oman (Lippard et al., 
1986), SE Turkey (Akta and Robertson, 1990), and Greece (Pindos ophiolite, 
Jones and Robertson, 199 1), although these are thought to be formed in 'pre-
arc' or fore-arc, rather than back-arc settings. 
The closure of the KUre basin and counterparts can be compared with 
suturing of a number of ancient marginal basins. Structural data on the 
Andean 'Roccas Verde" indicate arcward underthrusting (Dalziel et al., 1974; 
Dalziel, 1981), opposite to that of the large scale subduction polarity of the 
Pacific ocean. Similarly, the KUre basin closed southward, opposite to the 
northward sub duction polarity of the 'Tethys' ocean to the south. There is 
some evidence that the Sea of Japan marginal basin is beginning to 
underthrust the Japanese arc, which, again, would be similar to the southward 
closure of the KUre Complex towards the cangaldag arc. Subduction reversals 
are well known in the SW Pacific (Hamilton, 1988). For example, Australia has 
drifted relatively northward, yet, following collision with an active margin, the 
Java and Banda Seas are now subducting southward. Indeed, collision of the 
Ontong-Java Plateau with the Melanesian active margin has resulted in closure 
of marginal basins (Sulu and Bismarc Sea basins; Rangin, 1989), eastward 
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towards the arc. This could be similar to the closure of the circu rn-Black Sea 
marginal basin system. 
In summary, the comparisons with both modern and ancient marginal 
basins in other part of the world strengthen this interpretation of the KUre 
Complex and inferred "Palaeotethyan" counterparts, as a Late Palaeozoic 
marginal basin complex, related to northward subduction of the Late 
Palaeozoic Tethys. 
3.4 Summary 
Available data, mainly from the Central Pontides of Turkey suggest that 
Palaeotethys was mainly subducted northward along an Eurasian active 
margin during Palaeozoic-Mesozoic time. Volcanic arcs (cangaldag, Avanis, 
Armutlu, Transcaucasus) developed along the subduction front. A system of 
interconnected marginal basins opened to the north (Fig. 3. 7), including the 
KUre Complex in the Central Pontides, the Taurian Series in the Crimea, the 
pre-Late Jurassic Southern Slope Basin of the Caucasus, the Nalbantian flysch 
of the Dobrogea and the Zabernevo Complex of the Istranca Zone. Several 
continental fragments were rifted off the Eurasian active margin related to 
transform and/or active margin processes (during the Late Palaeozoic -Early 
Mesozoic; e.g. Istanbul Fragment). Separation of the Rhodope from Moesia in 
the south, and Moesia from the Scythian Platform in the north created the 
Istranca (Latest Palaeozoic) and Dobrogea (Early-Mid - Triassic) basins, 
respectively. Rifting of the Istanbul Fragment from the Scythian Platform 
gave rise to the Crimea-KUre basin in the Latest Palaeozoic-Early Mesozoic. 
Further east, the active Transcaucasus margin was translated southward to 
open the Southern Slope basin in Mid-Late Palaeozoic time. The absence of 
open-ocean sediments suggests that the basins were relatively narrow (i.e. < 
500 km), and they rapidly filled with deep-sea terrigenous, and also 
volcaniclastic and redeposited carbonate sediments. The entire marginal basin 
system had closed prior to Late Jurassic time, in response to subduction-
accretion, thrusting and collision. Closure was northward-directed along the 
southern margin and southward directed along the northern margin. 
CHAPTER 4 
DEVREKANI METAMORPHIC UNIT 
4.1 Introduction 
The Devrekani Metamorphic Unit is exposed as a fault-bounded block 
sandwiched between the KUre Complex to the north and the cangaldag 
Complex to the south (Figs. 4. 1, 4. 2). Metamorphic petrology is outside the 
scope of this thesis. Therefore, in this chapter, mainly field relations are given 
to allow integration with adjacent tectonic units as well as basic petrographic 
data. 
The Devrekani Metamorphic Unit is exposed to the east, southeast of 
Devrekani town and has a lens-shaped geometry in map view (Fig. 4. 3, 
Enclosure 2). This is one of the highest grade metamorphosed continental 
assemblages of the Central Pontides. Conglomeratic, granitic gneisses, 
alternating with amphibolite bands and lenses, form the observable basement 
of the unit. These are overlain by quartzite and quartz-mica schist 
alternations with lenses and boudins of marbles in the upper part. The 
uppermost part of the Devrekani Metamorphic Unit is represented by marbles 
and calcschists (Plate 4. 1). The unit is intruded by granitoid intrusions, which 
in turn, are overlain by Upper Jurassic basal conglomerates. There are also 
pegmatitic veins, widely seen in the gneissic basement of the unit. Both 
Precambrian (Yilmaz, 1980) and Lower Palaeozoic ages (TUys(Jz, 1990) have 
been proposed for the unit. 
The unit was named as the Ebrek Metamorphite by Yilmaz (1980), who 
called the basal gneissic section the GUrleyik Gneiss and the upper carbonate 
dominated sequence the Basakpinar Metacarbonate. He thought that the unit 
had a sedimentary protolith and a Precambrian age was suggested based on 
the high grade metamorphism, compared to adjacent units. Yilmaz and Boztug 
(1986) interpreted the unit as part of the south Eurasian margin, under which 
their cangal Metaophiolite sutured in pre-Liassic time. Yilmaz and TUysUz 
(1988) termed the unit the Devrekani Metamorphite and argued that this had 
both igneous (granitic) and sedimentary protoliths. They correlated the unit 
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Fig. 4. 1 Simplified geological map of the Central Pontides, showing the main 
tectonic units (modified after TUysUz, 1990). The Devrekani Metamorphic Unit is 






































Fig. 4. 2 Simplified N-S cross section of the Central Pontides. The Devrekani 
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Fig. 4. 3 Simplified geological map of the northern Central Pontides in detail 
(modified after Aydin et al., 1986). The boxes indicates the locations of the 
mapped areas, given as Enclosures with this thesis. CD 
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Fig. 4. 4 Generalised stratigraphic log of the Devrekani Metamorphic Unit 
(not to scale). 
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with the lower part of the Palaeozoic of Istanbul succession exposed further 
east, and thus suggested a Lower Palaeozoic age. 
4.2 Lithology 
The observable base of the Devrekani Metamorphic Unit comprises 
coarse-grained quartzo-feldspathic gneisses (Fig. 4. 4). These lithologies are 
highly weathered, grey-white and homogeneous in terms of mineral grain size. 
There is generally no lithological banding in these lower sequences but, in 
places, laterally discontinuous (a few cm-thick), black, amphibole-rich layers 
separate 30-40 cm-thick quartz-rich bands. Coarse-grained gneisses have a 
typical augen structure. Relatively fine-grained gneisses, however, have 
schistose texture, imparted by white micas. 
Upwards, amphibole-rich bands increase in intensity, and the sequence 
passes into gneiss-amphibolite alternations. The amphibolite bands are up to 
10 cm-thick, black in colour, and laterally discontinuous (Plate 4. 1). The 
amphibolite bands do not have sharp boundaries with the enclosing gneisses 
and a gradation from the hornblende bearing gneiss to amphibolite is seen. 
Further up section, amphibole-rich bands disappear, the grain size of the 
gneisses decrease and the sequence passes into quartzites (Plate 4. 1). The 
quartzites are grey and form massive, competent layers. The gneisses contain 
biotite and hornblende, which are essentially absent from the quartzites; 
locally, however, muscovite and biotite are seen. Upwards, the quartzites 
alternate with 10-20 cm-thick, highly weathered, cleaved, gneisses, which 
contain amphibole-rich bands, up to 1 cm-thick. This part of the sequence is 
well-layered. Green coloured amphibolite bands, 5-10 cm-thick, are also seen 
in this part of the sequence (Plate 4. 1). 
Lenses and boudins of marbles, up to 1 rn-thick, are seen to alternate 
with gneisses and quartzites further up section. Here, the quartzites gradually 
decrease in abundance and form thinner bands. The marbles are dark grey to 
1. bluish grey and also contain quartz grains, best seen in altered surfaces. 
The uppermost part of the unit is a meta-carbonate sequence (Plate 4. 1). 
The contact with the gneiss sequence below is interpreted to be an 
unconformity. At the base, there is a sequence (up to 70 cm-thick) of reddish 
Plate 4. 1 a: General view from the Devrekani Metamorphic Unit. At the 
base, there are gneisses and amphibolites, which are isoclinally folded and highly 
sheared. A meta-carbonate sequence unconformably overlies this basement. The 
carbonates are open folded and lack intense shearing, compared to the basement. 
Height of the cliff is approximately 70 m. Looking northeast, b: Close up of the 
amphibolites. These occur as bands within the gneiss succession. Field of view is 
40 cm. C: Quartzite-amphibolite-gneiss alternation seen above gneissic basal part. 
Note the isoclinal fold. Hammer for the scale. Looking west. d: In the northwest 
of the mapped area (Enclosure 2), an isolated tectonic slice of marbles is exposed 
within the Cangaldag Complex. Folds in these marbles are chevron to tight. They 
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coloured conglomeratic gneiss, or white coarse quartz-rich gneiss. The clasts 
are sub-rounded to angular, with a very fine-grained matrix, and are 
generally made up of gneiss and quartz. Clasts are up to 10 cm long. 
Above these conglomerates, come marbles, up to 500 m-thick. The 
marbles are massive, medium- to thick-bedded, pinkish, grey and white. 
The gneiss sequence is cut by pegmatitic and aplitic dykes. These are 
generally 10 cm-thick. Coarse garnet and biotite laths are the main 
constituents of the pegmatitic veins, together with feldspars (4 cm wide and 
up to 7 cm-long). 
4.3 Petrography 
The assemblage of the coarse-grained gneiss is: quartz + alkali feldspar 
(microcline and orthoclase) + plagioclase (oligoclase) + biotite + muscovite. 
Sillimanite and garnet are also reported (Yilmaz, 1980; TUysUz, 1985). 
Quartz occur as anhedral grains with undulose extinction. The margins 
are sutured with adjacent minerals. K-feldspar is subhedral-anhedral,-and/or 
porphyroblastic. Occurrences of both microcline and orthoclase are observed. 
Sillimanite crystals are needles-shaped and seen to have developed along the 
margins of muscovites (TUysUz, 1985). 
Plagioclase crystals are anhedral, with albite twins. Anorthite content is 
20-30 % (i.e. oligoclase). Together with biotite, the muscovites occur along 
cleavage planes. 
The amphibolites have the following mineral assemblages: 
Hornblende+quartz+plagioclase (oligoclase) 
Hornblende+biotite+quartz+plagioclase (oligoclase -and esine) 
Hornblende occurs as euhedral-subhedral, prismatic crystals with well 
developed cleavages and green pleochroism. Plagioclase is rarely twinned but, 
where present, the anorthite content is 30-40 S (i.e. oligoclase -and esine). 
The marbles have a granoblastic texture. Both calcite and dolomite are 
observed. Occurrences of diopside and garnet are also reported (Yilmaz, 
1980). 
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4.4 Structure 
The gneissose basal part of the Devrekani Metamorphic Unit is generally 
highly sheared. Isoclinal folds are recognised in less sheared parts, where 
lithological banding is clear. The isoclinal folds have south-dipping axial 
planes. The metacarbonates on the other hand are openly folded. 
In the NE part of the mapped area, an isolated slice of metacarbonate 
crops out (Enclosure 2). This unit is also folded with north vergence. The folds 
are mainly chevron folds. 
4.5 Contact relations 
The Devrekani Metamorphic Unit is in tectonic contact with the 
cangaldag Complex to the south. The northern contact with the KUre Complex 
is covered with Cretaceous-Palaeocene and younger sediments, or intruded by 
granites (Fig. 4. 3). 
The nature of the contact with the Cangaldag Complex differs in two 
areas. The WSW-ENE trending segments are subvertical-vertical and 
interpreted as strike-slip in character (Plate 4. 2a), while the N-S trending 
segments are low-angle thrust faults (Plate 4. 2b, Enclosure 2). 
Along the WSW-ENE trending segments, there are up to 70 rn-thick 
sequence of mylonites in places (Fig. 4. 5, Plate 4. 2c, d). Both the gneisses of 
the Devrekani Metamorphic Unit and the metabasites of the Cangaldag 
Complex outside this mylonitic zone are brecciated and vertically cleaved (Fig. 
4, 5). Along the contact zone, vertical phyllonites are also seen, where this 
mylonitic zone thins (10-20 rn, Plate 4. 2c). Sheared and brecciated tectonic 
lenses of serpentinite occur along the contact (Fig. 4. 5). These also have a 
vertical fabric. Two generations of shearing are observed in the mylonitic 
zones, the earlier dextral and the later sinistral. 
The N-S trending segments of the contact are low-angle, dipping 
westward (Enclosure 2). Along the contact, there is highly sheared zone (up to 
1 rn-thick), in which phacoidal blocks of the wall rocks occur in a green, 
mylonitic matrix. In the northeastern most segment of the contact, however, 
only 2 rn-thick phyllonites are present, with quartz veins parallel to the low- 
X. 
Plate 4. 2 a: General view of the contact area of the Devrekani Metamorphic 
Unit (background, pale) with the Cangaldag Complex (foregound, green). Looking 
northward. At this area, the contact bends northward and becomes a low-angle 
thrust. Westward continuation of the contact (left) is sub-vertical and interpreted 
as strike-slip in nature. On the right hand side of the valley, a serpentinite slice 
occur along the contact zone. The height of the cliffs from the base of the valley is 
120 m. b: Low-angle thrust contact of gneisses (left-hanging wall, Devrekani 
Metamorphic Unit) against metabasite (right-foot wall, cangaldag Complex). Note 
hammer for scale. Looking northward. c: Phyllonites exposed along the NE-SW 
trending segment of the contact of the Devrekani Metamorphic Unit with the 
cangaldag Complex. Looking northeastward. d: Sub-vertical mylonites, exposed 
along the same contact zone between the Cangaldag Complex and the Devrekani 
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Fig. 4. 5 Schematic geological map and cross-section showing the contact 
relation of the Devrekani Metamorphic Unit with the çangaldag Complex. See text 
for explanation. 
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angle fabric. It is important to note that shearing of both the hanging and foot 
wall lithologies occurs over a 200 rn-wide zone. 
In the west, near Kurusaray, the cangaldag Complex lithologies are 
overthrust by serpentinites, with southerly vergence, and transgressively 
overlain by Cretaceous-Palaeocene shallow marine limestones. To the north, 
beneath these limestones, the KUre Complex is exposed while the Devrekani 
Metamorphic Unit is totally absent. The occurrence of thick (ca. 100 m) lenses 
of serpentinite in the contact area indicates the contact with the KUre Complex 
is tectonic. 
Near Asarcik village, a Mid-Jurassic diorite intrusion (400 m across) is 
exposed near the thrust contact of the Devrekani Metamorphic Unit and the 
cangaldag Complex (Enclosure 2). The diorite intrusion is overlain by red 
conglomerates of Upper Jurassic age, passing upwards into limestones (Inalti 
Formation). This was interpreted as a 'hot contact' of iorite, cutting the 
thrust and implying a pre-Late Jurassic age of thrusting ($engor et al., 1984; 
TUysUz, 1990). Such a relationship was not proved during mapping in this 
study. Instead, gneisses of the Devrekani Metamorphic Unit form country rock 
to this intrusion. A unit of gneiss (a few metres thick) is always present along 
the contact. 
Near Derekoy, some 5 km south of the Asarcik village, the WSW-ENE 
trending strike-slip segment bends and becomes a low angle, N-S trending 
thrust. Late Cretaceous pelagic limestones are exposed near the contact. These 
carbonates are finely cleaved, parallel to the thrust plane in the adjacent fault. 
These observations indicate that a certain amount of movement occured along 
the contact in post-Late Cretaceous time. 
4.6 Interpretation 
The Devrekani Metamorphic Unit occurs as a fault-bounded tectonic slice, 
sandwiched between the KUre Complex to the north and the Cangaldag 
Complex to the south. The age of the tectonic contacts of the unit is pre-Late 
Jurassic, although post-Late Cretaceous re-activation may have taken place 
especially along some segments, based on the observations described above. 
The Devrekani Metamorphic Unit is metamorphosed to amphibolite facies. The 
minerology indicates that the highest temperature conditions of the 
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am phibolite facies were reached (i.e. sillimanite+almandine+orthoclase sub - 
facies; TUysUz, 1985). The adjacent units are not metamorphosed (i.e. the KUre 
Complex), or metamorphism is of lower grade (i.e. greenschist facies, cangaldag 
Complex). It is clear that metamorphism of the Devrekani Metamorphic Unit 
occured before the unit was tectonically juxtaposed with the presently 
adjacent units. 
Devrekani Metamorphic Unit is interpreted as a rifted sliver of the south 
Eurasian margin and is correlated with the basement units of the Palaeozoic of 
Istanbul (Ustaömer and Robertson, 1990, 1992 in press b). These authors also 
suggested a Precambrian age for the unit, based on similar basement 
lithologies exposed in areas, including the West Pontides (Istanbul Fragment, 
beneath Cambro-Ordovician continental clastics); the East Pontides (E Pontide-
Transcaucasus Fragment); the Fore-Range of the northern Caucasus; the 
Moesian platform and the Rhodope Fragment of northern Greece-northwest 
Turkey and Bulgaria. 
Evidence of the inferred rifting of the Istanbul Fragment of Eurasia is 
unfortunately missing because the Black Sea covers the northern border of 
the Istanbul Fragment (Palaeozoic of Istanbul). The only place where such 
evidence can be found is the Dobrogea of Romania. There, a Precambrian 
basement, similar to the Devrekani Metamorphic Unit, is overlain by a 
transgressive Palaeozoic succession, identical to the Palaeozoic of Istanbul. 
These Precambrian to Palaeozoic units separate turbidites interleaved with 
ophiolite slices (an inferred accretionary complex) to the north. Further north 
is the south Eurasian Platform which has a similar Palaeozoic basement 
succession. 
Rifting of the Devrekani Metamorphic Unit possibly took place in 
Permian time (Ustaömer and Robertson, 1992 in press.). This is because the 
oldest sediments within the KUre Complex (an inferred back-arc marginal 
basin, Chapter 2) are of Permian age. Also in Dobrogea, there are rift-related 
bimodal volcanics, erupted in the Permian above older Palaeozoic successions. 
4.7 Summary 
The Devrekani Metamorphic Unit is one of the highest grade 
metamorphic units of the Central Pontides and consists of a continental 
Chapter 4: Devrdwtjf fl.etamorphle Unit 
assemblage made up of gneisses and amphibolites, transgressively overlain by 
meta-carbonates, The Unit has a sedimentary protolith and occurs as a fault 
bounded block, sandwiched between the KUre Complex to the north and the 
Cangaldag Complex to the south. There is no available age data on the unit but 
regional comparisons suggest a Pre-Cambrian age. 
The Devrekani Metamorphic Unit is interpreted as a continental sliver of 
the south Eurasian margin, that rifted to open the KUre Basin in Latest 
Palaeozoic. 
CHAPTER 5 
THE (;ANGALDAO COMPLEX 
5.1 Introduction 
In this chapter, the first detailed stratigraphical, structural and 
geochemical account of the Cangaldag Complex (Fig. 5. 1, 5. 2, 5. 3) is given as 
a Palaeotethyan oceanic arc. New evidence is presented for the existence of an 
oceanic basement made up of a sheeted dyke complex and overlying basic lava 
flows, in turn overlain by a thick pile of tholeiitic and caic-alkaline extrusives 
and minor sediments. A model is proposed, in which the Cangaldag Complex 
originated as a south-facing oceanic magmatic arc, related to northward 
subduction of Palaeotethys. This, thus documents the first evidence of 
Palaeotethyan oceanic arc magmatism, supporting a location of Palaeotethys 
south, rather than north, of the Pontides. 
5.2 Geological setting and previous work 
The Cangaldag Complex, as defined by Ustaömer and Robertson (1990), 
comprises of a thrust imbricated pile of greenschist facies basic and evolved 
lavas, volcaniclastics and phyllites at least 10 km-thick, overlying an ophiolitic 
basement made up of sheeted dykes and lava flows. The Cangaldag Complex 
was mapped as a part of the Dad ay-Devrekani-Ilgaz Massif, a possible oceanic 
unit (Ketin, 1962). More recently, the Complex was interpreted as a 
Palaeotethyan ophiolite (Yilmaz, 1980) and cover units (Yilmaz and 
Sengor,1985, Aydin et al., 1986; TQysQz, 1990). 
In the absence of fossils, the age of the çangaldag Complex is, at present, 
constrained only by Mid-Jurassic cross-cutting granitoids and by overlying 
Late Jurassic basal conglomerates. A Late Palaeozoic to earliest Mesozoic age 
seems likely. 
To the' north is the Late Palaeozoic-Early Mesozoic KOre Complex (Chapter 
2, 3), interpreted as a Triassic to Early-Mid Jurassic sub duction-accretion 
complex, related to southward closure of a back-arc basin (KUre basin). The ? 
Precambrian Devrekani Metamorphic Unit, a continental assemblage 
comprising of gneisses and amphibolites, overlain by meta-carbonates, and 
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Fig. 5. 1 Simplified geological map of the Central Pontides, showing the main 
tectonic units. The Cretaceous-Tertiary Kastamonu-Boyabat Basin splits the 
cangaldag Complex outcrops. The outcrops to the north of the Kastamonu-Boyabat 
Basin comprises dominantly of a volcanic sequence, while to the south, a volcano-
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Fig. 5. 2 Simplified N-S cross section of the Central Pontides. The Cangaldag 
Complex is exposed to the south of the KUre Complex and the Devrekani 
Metamorphic Unit. The Domuzdag-Saraycikdag Complex and the Elekdag Ophiolite 
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Fig. 5. 3 Simplified geological map of the northern Central Pontides in detail. 
The boxes indicate the locations of the mapped areas (e.g. Enclosure 2). 
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interpreted as a rifted sliver of the south Eurasian margin (Chapter 4). To the 
south, the Cangaldag Complex was thrust from north to south over an ophiolitic 
mélange (Domuzdag-Saraycikdag Complex, Chapter 6) and an ophiolite 
(Elekdag Ophiolite, Chapter 6). 
The Cangaldag Complex is cut by several granitic intrusions, one of which 
is dated Mid-Jurassic (Rb/Sr; Ytlmaz, 1980). This acidic igneous activity is 
confined to the north of the Kastamonu-Boyabat basin (Fig. 5. 1) in the Central 
Pontides. 
5.3 Structure 
The cangaldag Complex crops out in the core of a roughly E-W trending, 
ca. 25 km-long, Tertiary anticline (Cangaldag  anticline, Fig. 5. 1; Yilmaz and 
TQysQz, 199.1). The Complex is folded into south verging anticline-syncline 
pairs, with amplitude of at least 1000 m (Enclosure 2). Low-angle (< 30-40). 
dominantly north dipping thrusts separate volcano-sedimentary associations 
which are at least 1 kilometre-thick (Fig. 5. 4) High-angle (>70) normal faults 
with considerable offsets (i.e. > 100 m) are well developed in this volcanic 
dominated sequence (Enclosure 2) 
Small-scale folds are well developed in phyllites and volcaniclastics of 
the Cangaldag Complex, ranging from tight asymmetrical to chevron folds, and 
recumbent isoclinal folds. In general, the volcanic sequence lacks small-scale 
folds. Overall, the folds are mainly south-verging in the south and north-
verging in the north, with moderate plunges. There are also east verging folds. 
Although there is a great scatter in fold axes (Fig. 5. 5a), two dominant trends 
are observed. One of these is N75-85W, while the other is N50-60E. The first 
trend is compatible with that of the KQre Complex to the north (Ustaömer and 
Robertson, in press a), the latter with that of the Domuzdag-Saraycikdag Unit 
to the south (Chapter 6). 
Two cleavages are developed in the Complex. The first is widely spaced 
in the lavas, but closely spaced in the phyllites, often parallel or sub-parallel 
to primary layering, where it is present. Later cleavage development is 
present in localised zones of intense shearing in phyllitic sequence, crenulating 
the earlier cleavage. These are commonly south verging in the south and 
north verging at the northern edge of the complex. Cleavages In the phyllites 













Fig. 5. 4 Representative cross-sections, showing the internal structure of the 
cangaldag Complex. Mainly south-vergent thrusts separate 1 km-thick piles of 
volcanic and sedimentary successions, with their intact internal stratigraphies. 
Upper cross-section: 1-2: Kastamonu-Boyabat Basin lithologies, marl-sand, 
conglomerate (1) and limestones (2)-(Tertiary), 3: Plagio-granite, 4: Acidic meta-
lava, 5: Volcaniclastic sediments, 6: Phyllite, 7: Meta-basalt, 8: Pillow lava. Lower 
cross section: 1: Limestone (Tertiary), 2: Marl-sand-shale (Tertiary), 10: Lahar 
breccia, 11: Columnar jointed andesitic flow (Upper Cretaceous?). 1-2-10-11: 
Kastamonu-Boyabat Basin, 3: Metabasite, 4: Acidic lava flow, 5: Lava breccia, 6: 
Volcanic debris flow, 7: Pillow lava, 8: Columnar jointed lava, 9: Phyllite. 








Fig. 5. 5 Lower hemisphere stereoplots of a: fold axes, b: poles to thrusts. 
See text for explanation. 
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are parallel to fold hinges, in which the small-scale folds are flattened such 
that axial planes became parallel to the foliation. WSW-ENE trending, high-
angle shear zones are parallel both to the tectonic contacts that separate the 
Cangaldag Complex from adjacent units to the north (see below) and the trend 
of the dominant fold axes. Thrust are mainly north-dipping in the south and 
south-dipping in the north (Fig. 5. 5b). 
5.4 Litho stratigraphy 
Mapping and regional reconnaissance of the Cangaldag Complex has 
revealed: i) an ophiolitic basement, ii) a volcano-sedimentary sequence, and 
iii) a volcanic sequence. These are described below. 
5.4.1 Basement of the cangaldag Complex 
5.4.1.1 Ophiolitic roc!--  
Ophiolitic rocks are locally exposed as north-dipping sheets, imbricated 
with the volcanic-sedimentary and volcanic sequences. Serpentinites are 
restricted to small, sheared and brecciated tectonic lenses, often along major 
tectonic contacts separating the çangaldag Complex from the KUre Complex and 
from the Devrekani Metamorphic Unit (cf. Yilmaz, 1980; Enclosure 2). 
A well developed sheeted dyke complex is exposed at two different 
localities in Karadere valley (Asarcik village and DerekOy; Fig. 5. 6a; Plate 5. 1). 
At the first locality, 100 % subvertical dykes, are exposed as a fault-bounded 
block beneath mafic lavas. The dykes are greenish, typically 40-50 cm wide, 
with well developed chilled margins, up to 3 cm thick, but thicker dykes (up to 
2 m) are also seen. The dykes exhibit doleritic textures. Plagioclase and 
pyroxene crystals, up to 7 mm long, typically show doleritic textures within 
the coarse-grained dykes. At the second locality, highly deformed sheeted 
dykes are exposed beneath Late Cretaceous sediments, in close proximity to 
the Devrekani Metamorphic Unit. The sheeted dykes are fine-grained, dark 
green, mainly 20-25 cm wide and have millimetre-thick chilled margins. 
Epidosites and epidote veins, 3-5 mm thick, are common. These lithologies are 
intensely sheared, faulted and brecciated. Small gabbroic intrusions, up to 100 
metres across, in places pegmatitic, are common near the contact between the 
sheeted dykes and overlying lavas. 
Fig. 5. 6 Generalised stratigraphjc logs of the cangaldag Complex; a: 
ophiolitic basement and overlying volcanic pile (Dereköy-Asarcjk section); b: 
volcanic sequence (Pencerelikaya-Karadere section); C: Volcano-sedimentary 
sequence (Cat dere-Kirac tepe section); d: volcano-sedimentary sequence (northern 
slopes of Elekdag); e: Volcanic sequence (Akseki-$ay yayla-Musabozarmudu 
section). See text for explanation. 
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Plate 5. 1: a. Close up of the sheeted dykes, with well developed chilled 
margins, exposed in the Karadere valley, SE of Asarcik. The dykes are sub-
vertical, trending N-S. Note hammer for the scale. Looking northward. b. General 
view from the çangaldag Complex volcanic sequence, with acidic and more mafic 
lava pile. Looking northward. c. Close up of a sheared volcanic debris flow. Note 
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Basic lavas are seen above the sheeted dykes and also crop out elsewhere as a 
thin (< 100 m) tectonic slice, sandwiched between acidic tuffs and 
volcaniclastic sandstones (at Pencerelikaya; Fig. 5. 4; Enclosure 2), and also as 
an isolated inhier further south (Akdogan village, Fig. 5. 3). The basic lavas are 
green, aphyric, dominantly massive, vesicular and weakly foliated. 
Flattened basic pillow lavas are locally overlain and interbedded with 
thin volcaniclastic sediments, an interval of ferruginous sediments and green, 
recrystallised radiolarian cherts (ca. 10 metre-thick, near Pencerehikaya, Figs. 
5. 4, 5. 6b). The metalliferous sediments are reddish-purple, cleaved, and 
admixed with volcanic-derived sediments. Depositionally above come, 400 in 
of, north-dipping, greenish to brownish volcaniclastic sandstones, that are 
thin-to medium-bedded, fine- to medium-grained, and exhibit sharp bases 
and graded tops. Tuffaceous sediments, up to 5 cm thick, are interbedded 
throughout. 
In the south (near Akdogan village), foliated lavas, up to 100 metres 
thick, are interbedded with thin-bedded green cherts, and in turn overlain by 
volcaniclastic sandstones, acidic tuffs and hydrothermally altered lavas, all 
dipping northwards at 30-40. 
5.4. 1.2 Volcano-sedimentary sequence 
An overlying, volcano-sedimentary sequence, up to 5 km-thick, in the 
east is dominantly phyllitic, with subordinate lavas and volcaniclastics (e.g. 
Catdere valley and further east; Fig. 5. 60. Dominantly yellowish brown, beige 
to locally black phyllites are sheared, folded and pervasively cleaved. Rare 
cm-thick quartz veins cut the phyllites, parallel to the foliation, but are locally 
cross-cutting. These veins are also folded together with phylhites and, in 
places stretched to form boudins. Intercalated lavas ranges from a few metres 
to several hundred metres thick (e.g. near Catdere village). Volcaniclastic 
sediments are mainly fine-medium grained, laterally discontinuous and form 
up to 10 metre-thick interbeds. Sedimentary structures, including parallel 
lamination, convolute lamination and grading are preserved in places (e.g. 
KuzsdkQ dere S of Boyahi mah). At one locality close to the Kastamonu-Boyabat 
basin, a 50 rn-thick unit of poorly sorted, matrix-supported, volcanic-derived 
conglomerates is interbedded with phylhites. The clasts are angular to sub- 
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rounded, mainly green andesitic lavas. In addition, rare interbeds of thin (up 
to 1 rn-thick) recrystallised limestones are present. 
Volcano-sedimentary lithologies to the south of the Kastamonu-Boyabat 
basin reappear on the northern slopes of Elekdag (Figs. 5. 1, 5. 3), where 
volcaniclastic sediments dominate, with subordinate lava flows (Fig. 5. 6d) and 
phyllites The exposed base of the sequence is a low-angle thrust comprising 
of tightly folded volcaniclastic sediments and lavas, followed by alternating 
lavas and phyllites with occasional rhyolitic tuffs. Further up the sequence, 
there are up to 100 in of tuffaceous sediments, with well developed, laterally 
continuous sedimentary bedding (typically 5 cm thick), marked by colour 
banding and parallel lamination (Plate 5. 2). Overlying lavas and 
volcaniclstics, up to 1000 m thick, are probably structurally repeated. 
Phyllites range from dark brown, to reddish brown and locally black, and 
include recrystallised limestone lenses and blocks, up to several tens of metres 
In addition, further north, within the Küre Complex (Chapter 2), a 
volcaniclastic sequence, Ca. 2000 rn-thick, with occasional rhyolitic tuff 
interbeds, crops out as a thrust sheet forming an E-W trending, north-verging 
antiform. Slices of serpentinite are also present along both the northern and 
southern margins of the volcaniclastic sediments. The volcaniclastic sediments 
are cleaved, intensely folded and brownish green to green, with secondary 
mica (sericite) developed along cleavage planes. Quartz, plagioclase, chlorite, 
sericite and volcanic rock fragments are the main constituents of the sand-size 
fraction. 
5.4.1.3 Volcanic sequence 
The volcanic sequence forms a nearly upright, north verging, 
asymmetrical, E-W trending antiform. Numerous small (i.e. < 100 m across) 
gab broic-plagiogranitic and felsic intrusives are exposed in the core, while 
coarse-grained dykes, up to several metres wide, are seen throughout the 
sequence. 
The volcanics include vesicular lavas, porphyric andesites, basaltic 
andesites, rhyolites, rhyodacites and dacites, and are associated with tuffs, 
volcaniclastic sediments and silicified tuffaceous sediments. Phyllites also 
Plate 5. 2: a. Volcanic conglomerates. The clasts are sub-rounded acidic lavas, in a fine-grained , tuffaceous matrix. Field of view is 10 cm. b. Sheared 
phyllites as exposed at the northern slopes of Elekdag. Looking eastward. Note 
hammer for the scale. C. Banded tuffs, with phyllites. At this locality, the tuffs 
overlie a thick phyllitic succession, with blocks of thick bedded meta-carbonate 
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occur at several structural levels, but dominate the upper part of the sequence 
on the northern limb where interbeds of thin recrystallised deep-water 
limestones and volcanic debris flows are also present. 
In general, the volcanic section starts with black to brownish-black 
phyllites, interbedded with thin aphyric, vesicular lava flows and tuffs (Fig. 5. 
6e). Thicknesses are variable according to the proximity of the Late Mesozoic-
Early Tertiary unconformity in the south. Extrusives become readily more 
abundant upwards, passing into a thick volcanic sequence, with only minor 
volcano-sedimentary intercalations. 
For example (Akseki-Musabozarmudu section, NE of TaskÔprQ; Fig. 5. 4), 
several massive lavas flows, up to 100 m thick, are interbedded with lava 
breccias (up to Ca. 10 m thick), at the base of the succession. There are also 
cross-cutting, diabasic dykes, with chilled margins, 4-5 mm thick. Above this 
comes a dominantly phyllite succession, with interbeds of volcaniclastic 
sediments up to 40 cm thick, concentrated in the lower part of the succession 
above the extrusives. Laminated siltstone interbeds are also present. The 
upper part of the succession is represented by black, brownish-black phyllites, 
with lava flows, 1 metre thick, in the uppermost part. These lava interbeds 
increase and thicken upwards. Then the sequence becomes fully volcanic. At 
the base, the volcanic sequence is represented by massive lavas, with 
occasional lava breccias. Columnar jointed and vesicular lavas are exposed 
further up the succession. Flow-banded lavas and tufts contain occasional 
volcanic debris flows, up to 2 m thick. Clasts are sub-rounded, dominantly 
acidic, set in a tuffaceous matrix. Above this is a sequence of columnar-
jointed, vesicular basaltic andesites, rare pillow lavas, acidic tuffs, tuffaceous 
sediments, acidic lavas, ca. 3000 rn-thick, intercalated with alternations of 
volcanic-derived, matrix-supported conglomerates, several metre-thick, in a 
dark silicified matrix. Grains are angular to subangular, comprising of both 
basic and acidic volcanics. Associated with the lavas are local pyrite deposits, 
a few metres thick. White, rhyolitic lavas dominate the upper part of the 
succession. Individual flows are characterized by dark-brown chilled margins, 
up 1 cm thick. In places, rhyolites are seen to cross-cut the green, massive 
lavas. Sills are also present. The upper part of the section is represented by 
black phyllites, > 500 m thick, with occasional lava flows, a few metres thick. 
At one locality, a lava flow within black phyllites contains bluish-grey. 
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recrystallised limestone fragments. There are also interbeds of thin, 
recrystallized limestone within the black phyllites. 
In the west (Karadere section, Fig. 5. 4), the volcanic sequence begins 
with porphyric andesites (2000 m thick), forming foliated massive lava flows 
and occasional preserved pillowed flows. These, in turn, are overlain by a 
volcanic-dominated sequence, with occasional acidic tuffs and phyllites. This 
sequence is cut by small gab b roic- plagiogranitic intrusions, up to a few tens of 
metres across. Further west (Kurusaray section), the section again starts with 
N-dipping dark-brown phyllites, overlain by vesicular lavas and tuffs. 
5.5 Petrography of the lavas 
The cangaldag Complex is metamorphosed to greenschist facies. An 
albite + epidote + actinolite + chlorite + calcite + quartz + opaque mineral 
assemblage is developed throughout the volcanic sequence. Prehnite and 
Pufllpellyjteare locally found as vein and vesicule fills (Plate 5. 3). Relict 
igneous textures (i.e. poikilitic, ophtic, trachytic) are recognisable, with 
clinopyroxene remnants showing alteration to amphibole along the edges. 
Barroisite is also locally developed in some thrust slices (Plate 5. 3). 
5.6 Geochemistry of the lavas 
50 lava samples were analysed for major- and trace-elements by X-ray 
fluorescence, using the method of Fitton and Dunlop (1985). The analyses are 
shown in Appendix 1. Due to metamorphism, immobile major- and trace-
elements were used to infer eruptive tectonic settings as discussed in Chapter 
2. Basic extrusives were analysed preferentially. 
The extrusives plot mainly in the andesite field, with some in the sub - 
alkaline, dacite, rhyodacite fields on the Zr/Ti versus Nb/Y diagram (Fig. 5. 7a; 
Winchester and Floyd, 1977). In the Cr-V diagram (Fig. 5. 7b; Miyashiro and 
Shido, 1975), most of the lavas plot in the tholeiitic+calc-alkaline field (TH+CA), 
with some in the CA, and some in the TH fields. On the MnO.10-P205.10-Ti02 
ternary diagram (Fig. 5. 8a; Mullen, 1983), most of the lavas plot in the IAT 
(island arc tholeiitic) field, some in CAB (caic-alkaline basalt) field, some in the 
MORB (mid-ocean ridge basalt) field and a few in the OIA (ocean island 
alkaline) field. Some of the lavas are very low in Ti, Zr, Y and high in Cr and 
Plate 5. 3: a. Sheared crystal meta-tuff, with epidote, quartz and actinolites 
after pyroxenes. The matrix is intensely chloritised and actinolite needdles are 
developed. Field of view is 4. 4 mm (XPL). b. Sheared meta-tuff, with barroisjte 
and albite porphyroblast development. Field of view is 4. 4 mm (PPL). c. 
Epidosite as seen in sheeted dyke complex. The rock wholly comprises of epidote 
and opaques. Field of view is 4. 4 mm (XPL). d. Pumpelliite, seen as a fill of on 
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Fig. 5. 7 Geochemical plots of the çangaldag Complex lavas; a: Zr/Ti versus 
Nb/Y nomenclature diagram (Winchester and Floyd, 1977); b: Cr versus V 
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discrimination diagrams. See text for explanation. 
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Ni. These lavas also have a high Mg content (up to 13%) and plot in, or close 
to, the BSV (boninite series volcanics) field on the Cr versus Y diagram (Fig. 5. 
8b; Pearce and Wanming, 1986). Although silica content is low (45-48%), they 
plot in the andesite field on the Zr/Ti versus Nb/Y diagram (Fig. 5. 7a). 
Because of LIL-element (i.e. K, Rb, Sr. Ba) mobility during weathering and 
metamorphism, it is not possible to confirm if shoshonites are present within 
the Cangaldag Complex. However, some of the lavas are enriched in HFSE 
(high-field strength elements; Ti, Zr, Nb, and Y) and, therefore, could be 
shoshonites. These lavas plot in the OIA field on the Ti02-MnO.10-P205.10 
ternary diagram and in the evolved WPB field on the Ti-Zr diagram (Fig. 5. 9a; 
Pearce,1975). On the Ti/Y versus Nb/Y diagram (Pearce, 1982), all the lavas 
plot in the sub-alkaline tholeiitic field (Fig. 5. 9b). 
On the Ti versus Zr diagram (Fig. 5. 9a; Pearce, 1975), some of the 
volcanic sequence lavas (VS) plot in the evolved VAB (volcanic arc basalt) 
field, most of them in the basic IAT field. The volcano-sedimentary sequence 
(VSS) lavas similarly plot in the JAT field. The ophiolitic lavas have similar 
Ti/Zr ratio but are more enriched than VS and VSS lavas and plot in the area 
of overlap of IAT+MORB fields. The sheeted dykes plot in the evolved IAT 
field on this diagram. Three samples of enriched (shoshonitic?) lavas plot in 
the WPB field, one of which is located beneath the line separating the evolved 
and basic lavas. Evolved lavas and sheeted dykes were not plotted in the 
basalt discrimination diagrams. The Zr/Y versus Ti/Y diagram was used to 
help identify WPB (Fig. 5. 10; Pearce and Cann, 1973). On this diagram, most 
of the VS lavas plot in the VAB+MORB field, some in the VAB field, and two in 
the WPB field. The ophiolitic and 'enriched" lavas plot in the MORB+VAB field 
on this diagram. On the 2Nb-Zr/4-Y and Ti/ lOO-Zr-3Y ternary diagrams (Fig. 
5. 11), the lavas mainly plot in the MORE and IAT overlap field, some in the 
IAT field. Seperation of volcanic arc type lavas from MORB-type is based 
mainly on transition metals (Ni, Cr, Sc). In the Y versus Cr diagram (Fig. 5. 8b), 
the VS lavas mainly plot in the IAT (island arc tholeiite) field, some in the BSV 
field and two in the MORE field, close to the dividing line. In this diagram the 
ophiolitic lavas similarly plot close to the regression line separating the MORE 
and IAT fields. The enriched lavas plot in the MORE field. In the Ti/Cr versus 
Ni diagram (Fig. 5. 12a; Beccaluva et al., 1979), the VS lavas plot in the VAB 
field. The ophiolitic lavas plot mainly in the VAB field. Similarly, the VS lavas 
plot in the VAB field in the Ti versus Cr diagram (Fig. 5. 12b; Pearce, 1975). In 
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Fig. 5. 9 Geochemical plots of the cangaldag Complex lavas; a: Zr versus Ti 
(Pearce, 1980); b: Nb/Y versus ThY (Pearce, 1982) tectono-magmatic 
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Fig. 5. 11 Geochemical plots of the Cangaldag Complex lavas; a: 2*NbZ r /4Y ; 
b: Ti/100-Zr-3'Y (Pearce and Cann, 1973) discrimination diagrams. 
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Fig. 5. 12 Geochemical plots of the Cangaldag Complex lavas; a: Cr versus Ti 
(Pearce, 1975); b: Ni versus Ti/Cr (Beccaluva et al. (1979) discrimination diagrams. 
See text for explanation. 
Chapter 5: parsTafda# Complex 
this diagram, the ophiolitic lavas plot in the VAB field, some in the MORB field 
and the enriched lavas plot in the MORB field. 
Further information can be obtained by plotting MORB-normalised multi-
element 'spidergrams' (Pearce, 1982). The general patterns of the VS and VSS 
lavas are highly depleted in HFSE (high field strength elements, Fig. 5.13, 14). 
There is a relative enrichment in Ce and P and depletion in Ti relative to Zr. 
The ophiolitic lavas show a Nb depletion, Ce and P enrichment, but the 
abundances of most of the HFSE are close to the MORB line (Fig. 5. 15). The 
two enriched lava sample, similarly have a Nb depletion and Ce and P 
enrichment (Fig. 5. 16a). The sheeted dykes have typical evolved lava 
patterns (Fig. 5. 16b). 
5.7 Sedimentary geochemistry 
Ten phyllite samples were analysed for major- and trace-elements by X-
ray fluorescence spectrometer. The analyses are given in Appendix 1. 
The geochemistry of fine-grained sediments can help to indicate 
provenance and tectonic setting of a sedimentary basin, particularly when the 
sediments are fine grained and/or metamorphosed (see Chapter 2). Major-
element K20/Na20 and A1203/Si02 ratios and the trace-elements La, Sc, Th, Ti, 
Zr and V are suitable for provenance discrimination as they are not normally 
strongly fractionated during weathering and sedimentary transport (Bhatia, 
1983; Bhatia and Crook, 1986; Roser and Korsch, 1986). During metamorphism 
some elements (i.e. Na, Ca, Mg, LIL-elements) are known to be mobile (lower 
et al., 1976, Pearce, 1982), but the element ratios are not affected, due to 
similar geochemical behaviour (i.e. K/Rb, K/Ba). LIL elements are also affected 
by differential weathering at the source, yielding a chemical index of 
alteration (CIA; Nesbitt and Young, 1982). CIA values of the Cangaldag 
phyllites are higher than 78, indicating a highly weathered source and/or 
mobility of the elements. 
Al and K are positively correlated (Fig. 5. 17a), reflecting quartz and 
white mica (sericite) abundance. A negative linear trend on the Si02 versus 
A1203 diagram (Fig. 5. 17b) which intercepts the Si02 axis near 100% is 
consistent with quartz and mica controlling the abundance of these elements. 
Strong positive correlations between K-Rb and K-Ba (Fig. 5. 18a, b) suggest 
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Fig. 5. 13 MORD-normalised spidergrams of the volcanic sequence lavas. See 
text for explanation. 
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Fig. 5. 14 MORB-normalised spidergrams of the volcanic sequence lavas. See 
text for explanation. 
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Fig. 5. 15 MORB-normalised spidergrams of the ophiolitic lavas. See text for 
explanation. 
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Fig. 5. 16 MORB-normalised spidergrams of the a: enriched lavas; b: sheeted 
dykes. See text for explanation. 
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Fig. 5. 17 Geochemical plots of the cangaldag Complex phyllites; a: Si02 
versus A1203; b: A1203 versus K20. See text for explanation. 






























Fig, 5. 18 Geochemical plots of the Cangaldag Complex phyllites; a: K20 
versus Rb; b: K20 versus Ba. See text for explanation. 
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that K-bearing clay minerals control the abundance of these trace elements. A 
positive correlation between K and Sr corresponds to the abundance of 
plagioclase (Fig. 5. 19a). Positive correlations of V with Al and with Ti are 
interpreted as reflecting enrichment during the weathering (Figs. 5. 19b and 5 
20a). On the Th/Sc versus La/Sc diagram (Fig. 5. 20b), the Cangaldag phyllites 
plot close to the average island arc value, ranging from intermediate to acidic 
island arc rocks. On the Sc/Th versus Cr/Th diagram (Fig. 5. 2 1 a), the phyllites 
plot parallel to a mixing line between acidic and basaltic compositions. Overall, 
the çangaldag phyllites plot mainly in the OIA (ocean island arc) and ACM 
(active continental margin) fields, with only one sample in the PM (passive 
margin) field on the SI02 versus K20/Na20 diagram (Fig. 5. 2 ib; Roser and 
Korsch, 1986). Similarly, these sediments plot in the ACM field on the 
K20/Na20 versus Si02/A1203 diagram (Fig. 5. 22a), with two samples plotting 
in the PM field. On multi-element spidergrams (Fig. 5. 22b), the pelites show 
marked enrichment in La, Sc. V. Cr, Ni, Ba and Rb, relative to NASC (North 
American Shale Composite), consistent with both mafic and acidic igneous 
5.8 Discussion 
The discrimination diagrams suggest that mainly volcanic arc-type lavas 
are present in the Cangaldag Complex. The ophiolitic basement is of MORB-
and IAT-type in the northern areas, but boninitic in the south. The calc-
alkaline nature and occurrence of boninite-type lavas suggests an above 
subduction zone eruptive tectonic setting. Pearce et al. (1 984) proposed that 
supra-subduction zone ophiolites formed by seafloor spreading during the 
initial stages of sub duction, prior to the development of volcanic arc. Boninites 
commonly occur in SSZ ophiolites. They appear to require variable degrees of 
hydrous partial melting of refractory peridotite at shallow depths. These are 
selectively enriched in light rare earth elements and certain high-field 
strength elements, as well as containing a typical large -ion-lithophile-element 
arc-related component (Taylor and Nesbitt, 1988). These melts develop under 
conditions of low pressure with geothermal gradients similar to those at mid-
ocean ridges (Fryer et al., 1990). These unusual conditions may occur only 
during initial subduction or arc rifting (Fryer et al., 1990). 
An arc-related setting is also evident in MORB-normalised spidergrams. 
LIL-element enrichment, Nb depletion relative to Ce, P enrichment and Zr and 
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Fig. 5. 19 Geochemical plots of the Cangaldag Complex phyllites: a: K20 
versus Sr; b: A1203 versus V. See text for explanation. 
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Fig. 5. 20 Geochemical plots of the cangaldag Complex phyllites; a: Ti02 
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Fig. 5. 21 Geochemical plots of the Cangaldag Complex phyllites; a: Sc/Th 
versus Cr/Th; b: Si02 versus K20/Na20 Moser and Korsch, 1986). See text for 
explanation. 
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Fig. 5. 22 Geochemical plots of the cangaldag Complex phyllites; a: K20/Na20 
versus Si02/A1203; b: NASC-normalised spidergram. See text for explanation. 
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Ti depletion are all characteristics of calc-alkaline lavas erupted above 
subduction zones (Pearce and Wanming, 1988). 
Occurrence of similar types of lavas (boninites-island arc tholeiites-calc-
alkaline lavas and shoshonites) are found in many modern intra-oceanic active 
and extinct arc and fore-arc systems, for example Izu-Bonin, Tonga-Kermadec, 
Mariana and Fiji (Gill, 1987; Hickey-Vargas and Reagan, 1987. Ewart et al., 
1973;; Beccaluva and Serri, 1988; Gill et al, 1984; Hawkins et al., 1984). This 
also supports the interpretation of the Cangaldag Complex as an oceanic 
volcanic arc. 
The sedimentary geochemistry of the Cangaidag Complex indicates a 
provenance related to a magmatic arc. 
5.9 Modern and ancient comparisons 
The tectono-stratigraphic evolution of the Cangaldag volcanic arc, fore-
arc complex can be compared with the Eocene-Early Oligocene history of the 
Izu-Bonin-Mariana arc and fore-arc. In the early middle Eocene, westward 
subduction of Pacific lithosphere started beneath the Philippine Sea Plate 
(Karig, 1975). This system lasted until Early Oligocene, forming an intra-
oceanic volcanic arc above a 200 km-wide forearc, composed of volcanic rocks, 
primarily tholeiitic and boninitic (Natland and Tarney, 1981). The present 
Bonin-Mariana fore-arc was formed, largely, by volcanism during the initial 
stages of arc development in the Eocene and Early Oligocene. The islands of 
Guam and Saipan in the Mariana forearc expose pillow lavas, breccias, and 
volcanic sediments of Middle-Late Eocene age, known as the Facpi Formation 
(Reagan and Meijer. 1984). This formation is overlain by the Late Eocene to 
Oligocene Alutom Formation, including volcanic breccias, clastic and carbonate 
sediments, and subordinate pillow lavas, which together are intruded by sills 
of Oligocene age. The sills are coincident with rifting of the Palau-Kyushu 
Ridge. The Alutom Formation is unconformably overlain by the Umatac 
Formation, comprising of Middle Miocene limestones, volcanic breccias and 
pillow lavas. The magma types present in the lavas range from boninite and 
island arc tholeiite series in the Facpi Formation; island arc tholeiite, to calc-
alkaline series in the Alutom Formation; and high-potassium, calc-alkaline 
series in the Umatac Formation (Reagan and Meijer. 1984). 
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The Ogasawara Islands are dominantly made up of an Eocene volcanic 
basement, overlain by tufts interbedded with limestones of Eocene-Oligocene 
age (Kuroda et al., 1988). The volcanic basement mainly consists of pillow 
lavas, breccias, hyaloclastites, and dikes of the boninite and island arc tholeiite 
series (including the boninite type locality on the island of Chichijima). 
In summary, Eocene westward subductiori of the Pacific Plate colminated 
in extension and eruption of boninitic lavas during the early stages of arc 
evolution (i.e. pre-arc spreading). Island arc tholeiites and later calc-alkaline 
lavas were constructed on this boninitic basement, followed by high potassic 
and caic-alkaline eruptions (Fryer et al., 1990). This history is very similar to 
that inferred for the Cangaldag Complex. 
Ancient counterparts of the Cangaidag Complex are found in Iapetus in 
Newfoundland and Norway, and in the Coast Ranges of W USA. 
In Norway, an ensimatic island arc (the Geitung Unit) was built on an 
edifice of the Lykling ophiolite in Cambrian times (Fumes et al., 1983). The 
lowest stratigraphic unit comprises of the upper part of an ophiolite (the 
Lykling ophiolite). Resting unconhormably upon the ophiolite is a bimodal 
succession of metabasalts and extrusive quartz-keratophyres, 1 km thick, 
interbedded with minor cherts (the Geitung Unit), and then cut by 
plagiogranites. The basic tholeiltic lavas and quartz-keratophyre extrusives 
forming thick flow-banded Units, or tuffaceous breccias, similar to acidic 
hyaloclastites, are massive, brecciated and locally highly vesicular (Fumes et 
al., 1983); these are also strongly depleted in incompatible elements. The 
Geitung Unit records fore-arc spreading, followed by early volcanic arc genesis, 
with tholeiltic volcanism on a fore-arc ophiolitic basement (Fumes et al., 
1983). 
The Early-Mid Palaeozoic Laurentian margin of Iapetus in Newfoundland 
was a SW Pacific-type active margin with generation of oceanic island arcs and 
marginal basins (Dunning et al., 1991), similar to the north Tethyan margin in 
the Central Pontides. The Lake Ambrose volcanic belt of the Dunnage 
tectonostratigraphic zone in Newfoundland comprises a range of volcanic 
rocks, from primitive island arc tholeiites to LREE-enriched tholeiitic and caic-
alkaline basalts, basaltic andesites and rhyolites, which have been interpreted 
as an oceanic arc (Dunning et al., 199 1). 
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In western USA, the Rogue Formation and the Chetco Complex of 
southwestern Oregon represent a Late Jurassic island arc sequence of oceanic 
origin (Harper and Wright, 1984). The Rogue Formation is made up of volcanic 
and volcaniclastic rocks, such as pillow and massive lavas and intrusions, 
matrix supported andesitic flow breccias, crystal-lithic volcaniclastic turbidites 
and volcanic ash tuffs, representing distal volcanic flank deposits, deposited 
off the axis of the arc, which is represented by the intrusive rocks of the 
Chetco Complex to the southwest (Riley, 1987). The volcanic rocks are 
dominantly island arc tholeiites. 
Similarities also exist with the Coast Range Ophiolite and overlying arc 
complexes (Logtown Ridge, Gopher Ridge and Copper Hill arc complexes; 
Robertson, 1989). The Coast Range ophiolite was formed above oceanic 
sub duction zone in a fore-arc setting before island arc formation (i.e. pre-arc 
spreading). The volcanics and volcanogenic sediments were then shed over 
the fore-arc basin from the immature arc, followed by proiadation of the 
major arc over the fore-arc (Robertson, 1989), a history similar to the 
Cangaldag Complex. 
Similarly, in the Semail Ophiolite of Oman, the basal tholeiitic lavas 
(Geotimes Unit) was formed in a fore-arc setting above a Neotethyan 
subduction zone (i.e. pre-arc spreading origin). This basal unit is 
uncon.formably overlain by andesitic lavas (Alley Unit) and then by silicic arc-
type volcanic centres (Alabaster et at., 1982). 
5. 10 Interpretation 
5. 10. 1 Genesis of the cangaldag Complex as an intra-oceanic arc 
The geochemical data on the sheeted dykes and the lavas of the ophiolitic 
basement indicates an above-subduction zone setting. Preserved slices of 
boninitic series lavas also suggest a fore-arc setting, by comparison with 
similar rocks in modern day settings (Izu-Bonin-Mariana Arc; Tarney et al., 
1991; Pearce et at., 1990). The boninitic lavas are overlain by a thick 
succession of IAT and calc-alkaline lavas, interpreted as volcanic arc pile. This 
could be explained either by pre-arc spreading (i.e. predating arc genesis), or 
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Fig. 5. 23 Schematic tectonic evolution of the cangaldag oceanic arc, along the 
north Tethyan margin. 
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The volcano-sedimentary sequence is interpreted as having formed in a fore-
arc basin and on a rear arc margin (Fig. 5. 24). Clasts of the conglomerates in 
the volcano-sedimentary sequence are mainly andesitic, similar to those of the 
arc sequence. A fore-arc setting is favoured, as the volcano-sedimentary 
sequence is locally thrust over the Elekdag Ophiolite and the inferred, 
underlying sub duction-accretion complex (Dam uzdag-Saraycikdag Unit) in the 
south (Chapter 6), and is exposed beneath the volcanic sequence in the north. 
The volcanic succession, which is at least 5 km-thick, is interpreted as an 
oceanic volcanic arc (Fig. 5. 24). The Cangaldag Complex is notably very 
similar in its stratigraphy, structure and geochemistry to modern oceanic 
volcanic arcs (e.g. Caribbean; Larue et al., 199 1). 
The north Tethyan margin in the Central Pontides is interpreted as an 
active margin, similar to the southwest Pacific (Fig. 5, 23). Northward 
subduction of Palaeozoic Tethys gave rise to the Cangaldag Complex, as an 
oceanic fore-arc - arc complex. The ophiolitic basement is interpreted as the 
result of initial sub duction and extension before any arc formed, similar to the 
inferred development of Eocene Mariana boninitic fore-arc, or the Coast Range 
Ophiolite of Western USA. During the earlier stages, tholeiitic lavas were first 
erupted, similar to modern immature tholeiitic arcs (Tonga-Kermadec; Cole, 
1982; South Sandwich; Tarney et al., 1982). The volcanic-volcaniclastic 
sequence was then shed over the fore-arc basin, as inferred in the Coast Range 
ophiolite (Robertson, 1989). This was followed by progradation of a mature 
arc over the fore-arc, associated with calc-alkaline lava eruptions and 
volcaniclastic sedimentation. 
The uppermost sedimentary succession, composed of black phyllites 
interbedded with deep-water limestones and occasional lavas, is thought to 
represent collapse of the arc, related to opening of the Ktlre back-arc basin to 
the north (Chapter 2, 3). 
Occurrences of thick-bedded limestone blocks in the volcano-
sedimentary sequence to the south of the Kastamonu-Boyabat basin suggests 
that a carbonate platform (now eroded) was established along the margins of 
the arc. This could also explain the presence of blocks of shallow marine 
limestone within the KUre Complex to the north. 
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Fig, 5. 24 Plate tectonic scetch of the north Tethyan margin in Latest 
Palaeozoic-Earliest Mesozoic. See text for explanation. 
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5.10.2 Tectonic implications 
Recognition of the cangaldag Complex as an oceanic arc, fore-arc has 
important implications for the tectonic evolution of the north Tethyan margin 
(Fig. 5. 23). One of the major problem in Palaeotethyan evolution has been the 
lack of any volcanic arc within the Eastern Mediterranean area. Paleomagnetic 
based continental reconstructions demand a major ocean, at least 1000 km-
wide, consumed by Early-Mid Mesozoic. The Cangaldag Complex has a 
boninitic basement in the south and a IAT-MORB type basement in the north. 
Above this ophiolitic basement, island arc tholeiites and later calc-alkaline 
lavas and associated volcaniclastic sediments were piled up. This stratigraphy 
records that the cangaldag volcanic arc has reached a mature stage during its 
development. The type of the basement, palaeogeographic restoration of the 
sub-units and adjacent tectonic units suggest that the Cangaldag arc relates to 
northward subduction of a major oceanic basin crust and that the basin was 
located to the south of the Pontides. 
As the cangaldag arc reached a mature stage with eruptions of calc-
alkaline lavas, this indicates that the cangaldag arc was a major 
palaeogeographic feature. Present day intra-oceanic arcs are some thousands 
of kilometres long. This implies that the equivalents of the çangaldag oceanic 
arc should be found to the south of the Pontides along the Intra-Pontide-
Ankara-Erzincan suture zone, and to the north of the Izmir-Ankara suture, if 
the margin was always bordered by intra-oceanic trenches. 
5.11 Summary 
The Cangaldag Complex in the Central Pontides comprises a 10 km-thick 
imbricated pile of volcanics, volcaniclastics and phyllites, interpreted as a 
volcanic arc, fore-arc complex. The basement of the Cangaldag Complex is 
ophiolitic, including high-level gabbroic intrusions, a sheeted dyke complex 
and overlying basic lava flows. Above the ophiolitic basement, the volcanic-
sedimentary succession probably accumulated in a fore-arc basin during the 
initial stage of the arc growth. Above this is a thick volcanic and volcaniclastic 
succession, indicating mature arc development. Geochemical data indicate the 
existence of boninitic extrusives in the ophiolitic basement, and of tholeiites 
and calc-alkaline lavas within the overlying volcano-sedimentary and volcanic 
units. Kinematic indicators suggest opposing emplacing directions, northward 
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in the north and southward in the south over adjacent tectonic units. The 
cangaldag Complex is interpreted as an oceanic arc formed in response to 
northward subduction of Palaeotethys. The ophiolitic basement, including 
boninites formed during the initial stages of oceanic sub duction, as inferred for 
the modern SW Pacific area and some Tethyan, Iapetus and Circum-Pacific 
ophiolites. Continuing subduction then gave rise to a volcanic-sedimentary 
succession formed in a possible fore-arc basin setting, which in turn was 
overlain by a thick volcanic arc pile. The Cangaldag arc collapsed associated 
with the rifting of the KUre basin and black phyllites accumulated to the rear 
arc margin. Prior to Late Jurassic time, the Cangaldag volcanic arc collided 
with the Eurasian active margin to the north and was accreted. This was 
followed by a Late Jurassic transgression depositing shallow water carbonates. 
THE ELEKDAO OPHIOLITE AND ADJACENT MELANGE 
UNITS 
6.1 Introduction 
Three tectonic units, the Bayam Mélange in the north, the Domuzdag-
Saraycikdag Complex in the south and the Elekdag Ophiolite, resting above the 
two, are exposed to the south of the Kastamonu-Boyabat basin, structurally 
beneath the southernmost units of the Cangaldag Complex (Fig. 6.1, 6.2, 6.3). 
The Bayam Mélange and the Domuzdag-Saraycikdag Complex comprise 
internally imbricated, north-dipping thrust sheets, up to 15 km-thick. Both 
units are metamorphosed to glaucophane schist facies. The Elekdag Ophiolite 
crops out as a SW-NE trending large (5 km-wide, 40 km-long) klippe, above 
the Bayam Mélange and the Domuzdag-Saraycikdag Complex (Fig. 6. 4). 
The Bayam Mélange comprises thrust sheets of dominantly metabasites 
with minor meta-sediments. Adjacent slices are locally separated by lens-
shaped schistose serpentinite. The Domuzdag-Sarayctkdag Complex is made 
up of block-in-matrix type ophiolitic mélange in the north and intersliced 
lavas and pelitic-psammitic sediments in the south. The Elekdag Ophiolite 
consists, from bottom to top, of basal eclogitic mélange, ultramafic tectonites, 
ultramafic cumulates and massive serpentinised peridotites with tectonic 
blocks of meta-carbonates and metabasites, metamorphosed to glaucophane 
schist facies. 
The Domuzdag-Saraycikdag Complex represents a Palaeotethyan 
subduction-accretion complex of northward polarity. The Bayam Mélange is 
interpreted as the product of tectonic erosion of the hanging wall of a 
Palaeotethyan subduction zone. The Elekdag Ophiolite is interpreted as the 
fore-arc lithosphere. 
The petrology of these units was studied by Eren (1979) and TUysUz 
(1985), based on conventional petrography. Eren (1979) distinguished 5 high-
pressure metamorphic facies in the NW outcrop area, ranging from prehnite-
pumpelliite facies, glaucophane facies, greenschist facies, and amphibolite 
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Fig, 6. 1 Simplified geological map of the Central Pontides, showing the main 
tectonic units (modified after TUysUz, 1990). The Domuzdag-Sarayctkdag Complex 
is represented by an ophiulitic mélange in the north and pelitic - psamniitic 
sediments intercalated with slices of lavas in the south. The Elekdag Ophiolite is 
exposed to the north, above the ophiolitic mélange. 
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Fig. 6. 2 Simplified N-S cross section of the Central Pontides. The tectonic 









ovsr Unit. 	(LM. Jur&C-T.dIy) 
	 111111 Ktfl Complex 	(1st. 
Istibul Fong m (Pt.cwd?-P.lmo-Th.jc) 
	 °'v"'- 	 (Pr.c.n*d.n?) 
c.nwstd.g Can,.x (Lst. P.lssoo.E.1y 	 OpIiIN. wd .*c.nt  mt.nQ. unIt. (1st. P soIc-E$y M..ozolc ?) 
Fig. 6. 3 Simplified geological map of the northern Central Pontides. The 
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facies to eclogite facies. He stated that the Elekdag Ophiolite does not fit the 
overall metamorphic zonation observed in the region. In this study, 
microprobe work has been carried out in addition to petrographic work, on 
blueschists, eclogites and chrome spinels. Geochemical data on metabasites 
and metasediments are provided for the first time in order to determine the 
tectonic setting. 
In this chapter, stratigraphical, structural, petrological and geochemical 
characteristics of the three units will be given, from north to south. A tectonic 
model in relation to Palaeotethyan evolution will then be discussed. 
6.2 BAYAM MELANGE 
The Bayam Mélange is composed of north-dipping slices of dominantly 
metab asites and minor pelitic-psam mitic sediments, with occasional calc-schist 
interbeds. The unit is exposed beneath the low-grade metamorphosed 
volcano-sedimentary assemblages of the southernmost units of the Cangaldag 
Complex in the north and the Elekdag Ophiolite in the south (Enclosure 3). The 
contact with the Domuzdag-Saraycikdag Complex is locally exposed in Alisaray 
Cay valley and characterised by a sharp, north-dipping, low angle (ca.30), 
thrust contact (Enclosure 3). The unit is metamorphosed to glaucophane schist 
fades. There are no age data available for this unit. 
Overall, the Bayam Mélange consists of finely crystalline metabasites, 
interleaved with thrust wedges of coarser grained metabasites, termed meta-
diabase and meta-gabbro (Enclosure 3). Serpentinite slices are often present 
along the contacts of different lithologies, separating > 1 km thick thrust 
sheets, with their internal stratigraphy preserved. Southern metabasite slices 
comprise the lower part of an ophiolite stratigraphy (i.e. meta-gabbro, meta-
diabase, meta-basalt), while relatively northern slices contain meta-basalts 
and meta-pelagic sediments, such as meta-chert, black phyllite, calcschists. 
Volcaniclastics and quartz-mica schists are also present. Generalised, 
reconstructed stratigraphy of the Bayam Mélange can be summarised as 
follows: 
Meta-gabbro crops out in several places as relatively E-W trending, 
north dipping thrust slices (Enclosure 3). In the east, where best exposed, 
near Bayam village, a gabbroic sequence is seen structurally underneath the 
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finer grained metabasites. The gabbro is brown, yellowish brown, pale green 
and contains rare quartz veins. Characteristic gabbroic texture is generally 
preserved despite metamorphism. Albite porphyroblasts and greenish 
actinolite crystals are large enough to be seen with naked eye, throughout the 
sequence. Pegmatitic gabbro is also present locally. Near the northern contact 
with the metabasites, the gabbro is isotropic with a penetrative cleavage. 
Southward (i.e. structurally downward), it becomes banded, with dark 
mineral-enriched zones alternating with albite rich zones. The southern meta-
gabbro slices are richer in glaucophane, where 6-7 mm long tabular crystals of 
dark blue glaucophane, associated with albite, gives a bluish colour to the Unit. 
Just beneath the low grade assemblages of the Qangaldag Complex, the 
metabasites contain up to 5 cm-thick blueschists wholly comprising 
glaucophane. In this part, the sequence is essentially an alternation of 
metabasite and glaucophane schists. Structurally downward, these 
glaucophane -richpartings disappear and the unit becomes entirely metabasic. 
Within this lower sequence, the metabasalts are intruded by up to 1 rn-thick 
metadiabase dykes dipping northwards, together with the metabasites. In 
the field, this sequence exhibits gneissose banding on a large scale. The 
metabasalts contain green chert bands, up to 7-8 cm thick, especially in the 
upper parts. There are also thin epidote-rich bands. Locally, there are 
interbeds of quartz-rich schists, up to 1 rn-thick. Westward, the metabasites 
are overlain by quartz mica schists, up to 15 rn thick. Then, there are 
alternations of metabasite-phyllite, overlain by dark brown psammites and 
then by phyllonites. 
In places, metabasites are overlain by black phyllites. Upward, there are 
interbeds of calc-schists, up to 40 cm thick. Further up, there are red phyllites 
and then quartz rich psammitic sediments and volcaniclastics containing 
glaucophane crystals. 
6.2.1 Petrography 
The metabasites exhibit an albite+glaucophane*chlorite+qu artz+actinolite 
assemblage. The structurally lowermost slices also have ornphacitic 
pyroxenes, which suggests high pressure metamorphism. 
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Glaucophane occurs as euhedral crystals, with preferred orientation. 
Albite is anhedral and is generally untwinned. Quartz is anhedral and occurs 
as small grains. Actinolite is present as 0.5 mm long laths, with pale green 
pleochroism. Omphacitic pyroxenes are pale green and subhedral. 
6.2.2 Geochemistry of the metabasites 
A total of 9 metabasite samples were analysed by X-ray fluorescence. 
The analyses are given in Appendix 1. 
The lavas plot in the basaltic andesite and andesite fields in the Nb/Y 
versus Ti/Zr diagram (Fig. 6. 5a). In the Zr versus Ti diagram (Fig. 6. 5b), the 
lavas plot in area of overlap between the IAT and IAT-MORB fields. In this 
diagram, two samples plot in the evolved IAT field. These two samples are 
not considered in the following discrimination diagrams. In the Y versus Cr 
discrimination diagram (Fig. 6. 6a), all the metabasites analysed plot in the 
IAT field, one in the BSV field. Similarly, the metabasites plot mainly in the 
IAT field in the Ti versus V (Fig. 6. 6b) and Ni versus Ti/Cr diagrams (Fig. 6. 
7a). 
On multi-element 'spidergrams", the Bayam Mélange lavas are 
characterised by low concentrations of high field strength elements, a 
depletion of Nb and associated enrichment of Ce (Figs. 6. 7b; 6. 8a, b). 
In summary, the geochemical characteristics of the Bayam Mélange lavas 
suggest an above subduction zone setting (i.e. IAT-Boninitic). 
6.2.3 Structure 
The Bayam Mélange has a constant, north-dipping foliation, generally 
parallel to the bedding (Fig. 6. 9a). Intrafolial, south vergent folds are the 
most common mesoscopic structures. Sl planes are seen to have developed as 
axial plane cleavages. In places, N-S trending crenulation cleavage (S2) is 
developed, with associated folding. Si and S2 intersection lineations at such 
localities are well developed. Mineral orientation lineations are marked by 
preferred orientations of tabular crystals, such as amphiboles and 
glaucophane, well defined especially in the meta-gabbros and volcaniclastics. 
There is no consistent trend in the mineral orientation lineations (Fig. 6. 10). 
Both NW-SE and N60-70E trends are apparent. This suggests that mineral 
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Fig. 6. 5 Geochemical plots of the Bayam Melange lavas; a: Nb/Y versus Zr/Ti 
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Fig. 6. 6 Geochemical plots of the Bayam Melange lavas; a: Y versus Cr; b: Ti 
versus V. See text for explanation. 
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Fig. 6. 7 Geochemical plots of the Bayam Mélange lavas; a: Ni versus Ti/Cr; b: 
MORB-normalised spidergram. See text for explanation. 
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Fig. 6. 8 MORB-normalised spidergrams of the Bayam Mélange lavas. See 
text for explanation. 
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poles to foliations 
Fig. 6. 9 Lower hemisphere stereoplots of poles to foliations (upper) and 
axial planes W. See text for explanation. 
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lineations are associated with at least two phases of deformation that gave rise 
to both N-S and E-W trending folds (Fig. 6. 9b) and two cleavages. 
Shear planes are dominantly sinistral and dip northward by 30-40'. 
These are mainly compressional with some oblique movement as evidenced by 
associated lineations, locally observed at the shear planes. 
A NW trending, high-angle fracture cleavage is well developed especially 
in the phyllites and volcaniclastics. Pencil cleavage lineations (developed as a 
result of Si and fracture cleavege intersection) are particularly common in the 
volcaniclastjcs. The undefor med nature of the fracture cleavage suggest that 
this is a younger structure, possibly related to uplift of the high-grade 
metamorphics of the Central Pontides. 
6.3 ELEKDAd OPHIOLITE 
The Elekdag ophiolite is exposed as a SW-NE trending thrust sheet, 5 km 
wide and more than 30 km long. To the south, the ophiolite is thrust over the 
Domuzda-Saraycikdag Unit with a low angle contact (Fig. 6. 1, Enclosure 3 and 
4). To the north, low-grade metamorphosed lithologies of the cangaldag 
Complex and glaucophane schist facies of the Bayam Mélange crop out (Fig. 6. 
3). Locally, these units are thrust over the ophiolite, otherwise the contact is 
southward dipping, suggesting that the Elekdag Ophiolite is a large klippe. 
The Elekdag ophiolite is made up, in structurally ascending order, of 
basal eclogite mélange, ultramafic tectonites, ultramafic cumulates and 
massive serpentinised peridotites (with podiform-type chromites, Fig. 6. 11). 
Along both the northern and southern contacts, lens-shaped outcrops of 
eclogitic mélanges are exposed at several localities (Enclosure 4). These are 
included within the ophiolite since the matrix of this basal eclogitic mélange is 
sheared serpentinite. The Elekdag ophiolite contains tectonic blocks of 
metabasites and metacarbonates metamorphosed to blueschist facies in the 
structurally upper levels (Fig. 6. 11). 
6.3.1 Basal eclogitic mélange 
The basal eclogitic mélange is exposed below the ultramafic tectonites of 
the Elekdag ophiojite, with a low-angle (30 ° ) thrust contact. The mélange is 
lens-shaped in map view (i.e. several hundred metres wide and up to 1 km 
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Chapter #i: £Idda4 Ophiolite and adjacent ,ndtu3e units 
	 186 
BAYAM MELANGE LINEATIONS 
Fig. 6. 10 Lower hemisphere stereoplot of mineral orientation lineations and 
crenulation cleavage lineations. See text for explanation. 
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scale). Fig. 6. 11 Composite stratigraphic column of the Elekdag Ophiolite (not to 
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long). The matrix of the mélange is sheared, cleaved serpentinite. Eclogite 
blocks, up to 15 m long, form a block-in-matrix type fabric. These blocks are 
spheroidal to elliptical in shape. Blocks are more resistant to erosion and thus 
stand out. The margins of the blocks are highly sheared and rich in chlorite 
and actinolite. The outer zones of blocks also contain tourmaline crystals (up 
to 6 cm-long), dark blue glaucophane, and small euhedral garnets (Plate 6. 1). 
Towards the core, the blocks become massive, and larger garnets are 
associated with green sodic pyroxenes (omphacite). 
6.3.1.1 Petrography 
The eclogits show porphyroblastic and granoblastic textures. The core 
of the eclogite blocks exhibit a garnet+omphacite+rutile assemblage (Eren, 
1979). Towards the margin of each block, retrograde minerals are developed. 
A glaucophane+epidote+chlorite+sphene assemblage is seen midway between 
the core and the outer margin. An albite+epidote+chlorite+actinolite 
assemblage characterizes the margins of the blocks. Glaucophane is not seen. 
Omphacite occurs as pale green, euhedral-subhedral crystals, retrograded 
to chlorite, glaucophane and actinolite (Plate 6. 2). Garnet is euhedral, coarsest 
in the core (up to 1 cm), but retrograded to chlorite at the margins of the 
blocks, where inclusions of sodic pyroxene also occur. Glaucophane forms 
euhedral crystals with well developed amphibole cleavage and also as a 
retrograde reaction product along the cleavages of omphacite. 
6.3.1.2 Geochemistry 
A total of 12 eclogite samples were analysed by X-ray fluorescence. 
These are given in Appendix 1. 
The eclogites plot in the andesite field in the Nb/Y versus Zr/Ti diagram 
(Fig. 6. 12a; Winchester and Floyd, 1977). In the Ti versus Zr diagram, they 
plot in the MORB field (Fig. 6. 12b). In Cr versus Y diagram (Fig. 6. 13a), all the 
eclogites plot in the MORB field. In Ti versus Cr diagram (Fig. 6. 13b), similarly 
they plot in the MORB field. In the spidergram 5, they show flat patterns (Fig. 
6. 14a), with some elements mobility (Fig. 6. 14b). 
In summary, the geochemistry suggest a MOR-type setting for the 
protolith of the eclogites. 
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Fig. 6. 12 Geochemical plots of the eclogites; a: Nb/Y versus Zr/Ti; b: Zr 
versus Ti. See text for explanation. 
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Fig. 6. 13 Geochemical plots of the eclogites; a: Y versus Cr; b: Cr versus Ti. 
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Fig. 6. 14 MORB-normalised spidergranis of the eclogites. See text for 
explanation. 
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6.3.2 Ultramafic tectonites and cumulates 
Above the basal eclogitic mélange, there is a sequence of pervasively 
cleaved (cleavages are spaced at 5-10 cm), sheared and locally brecciated, 
serpentinised garnet peridotites. The unit is green, brownish yellow and 
blackish. Coarse bastites after pyroxene and garnets are the main 
constituents. Foliation is north dipping, in general, and laterally continuous. 
The ultramafic tectonites pass up sequence into cumulate rocks. Olivine-
rich, dark green, bands alternate with pyroxene-rich, pale green bands (Plate 
1). Olivine-rich bands are greatly serpentinised. Serpentinisation is, however, 
not so intense in pyroxene-rich bands. The bands are up to 20 cm thick. 
6.3.3 Serpentinite 
The ultramafic cumulate sequence described above gradually passes 
upwards into massive serpentinite. The unit is green, dark green and brown 
where altered. l3astite development after pyroxene is seen. Mostly, however, 
the serpentinite is finely crystalline, with numerous crysotile veins. 
At several localities, there are small pods of leopard-hide" chromite, 
which are currently being mined. Kemererite and uvarovite are associated 
with the chrome deposits. Uvarovite is developed along the margins of 
chrome spinel grains. A serpentinite matrix fills the spaces among the chrome 
spinel-uvarovite grains. The chrome spinels are red-blackish to red and sub-
rounded. The contacts with uvarovitic margins are sharp and straight. 
The chemistry of the chrome spinels was investigated using the 
microprobe. The Cr/Cr+Al ratio exeeds 0.60 and suggest a supra-subduction 
zone type setting (Fig. 6. 15, IAT-Boninitic). 
Tectonic blocks of metabasites and meta-carbonates, up to several km 
long, are seen at several localities, intersliced with serpentinised peridotite in 
the structurally highest exposed levels of Elekdag Ophiolite (Fig. 6. 11). These 
are metamorphosed to glaucophane schist facies. Some carbonate blocks 
contain shaly partings, while others are massive, and foliated, with a 
granoblastic texture. Despite the metamorphism, some primary sedimentary 
structures can still be recognised. For example, carbonate debris flows can be 
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Fig. 6. 15 Mg number versus Cr number discrimination diagram (Dick and 
Bullen, 1984) of the Elekdag Ophiolite chrome spinels. 
Plate 6. 1 a: Close up of an eclogitic block. Coarse tourmaline rhinds are 
quite often seen at the margins of blocks. Note pencil head for the scale. b: 
Ultramafjc cumulate section of the Elekdag Ophiolite. The unit is intensely 
serpentinjsed. C: A meta-carbonate slice within the upper levels of the Elekdag 
Ophiolite. The thrust contact dips northward by low angle (35°). Looking 
northward, d: In one of such meta-carbonate slice, a carbonate debris flow is 
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Plate 6. 2 Petrographic characteristics of the Elekdag Ophiolite and bayaiu 
Melange. a: Eclogite. Garnet, at the upper part, has inclusions of oiuphacite and 
spheric. Otuphacite is green. Field of view is 2.2 turn (PPL). b: Eclogite. here, 
there are bluish-purple, idiotnorphic glaucophanes, associated with omphacite 
(green). Field of view is 4. 4 tum (PPL). C: Bayarn Mélange metabasite. The 
sample essentially consists of glaucophanetalbitetgarflet and chlorite. The garnet 
(black) also contains glaucopharie inclusions. Field of view is 4. 4 mm (XPL). d. 
bayatu tuetabasite, consisting of dark blue-purple euhedral galaucophanes and 
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6.4 DOMUZDAO-SARAYCIKDAO COMPLEX 
The Domuzdag-Saraycikdag Complex is a Ca. 15 km thick, north-dipping, 
metamorphosed assemblage, represented by an ophiolitic mélange in the north 
and by a 'diabase-phyllitoid' complex in the south (Figs. 6. 1, 6. 2, 6. 4). The 
Domuzdag-Saraycikdag Complex is exposed structurally underneath the 
Elekdag Ophiolite and its basal eclogitic mélange. A carbonate dominated 
sequence (the Kargi Group and related units) forms the southern border of the 
Domuzdag-Saraycikdag Complex. Tectonic slices of Late Cretaceous ophiolites 
and ophiolitic mélanges are also seen in the southern outcrops (TUysUz, 1990). 
The ophiolitic mélange in the north was termed the Domuzdag Formation by 
Eren (1979) and the Domuzdag Mélange by TUysUz (1990). Also, the "diabase-
phyllitoid' association in the south was named the Bekirli Formation by 
TysUz (1990). In this study, both units are considered as a single tectonic 
unit, especially as the matrix is similar. There is no clear contact between the 
two formerly recognised units and a distinction between the two can only be 
made due to the appearance of blocks in the Domuzdag Formation. 
There is no direct age data for the Domuzdag-Saraycikdag Unit. Eren 
(1979) suggested a Palaeozoic age, while TUysUz (1990) suggested a pre-
Liassic age, based on the similarities of the ophiolitic blocks with the Elekdag 
ophiolite, which he regarded as typical of Palaeotethyan oceanic crust. Also, 
the similarity of the matrix with that of the KUre Complex suggests a Pre-Late 
Jurassic age, since the KUre Complex was dated as Permian-Lias. Both Eren 
(1979) and TUysUz (1990) interpreted the northern mélange unit as a 
sub duction- accretion complex. 
In the next section, the blocks and matrix of the Domuzdag-Saraycikdag 
Unit will be discussed. 
6.4.1 The Mélange Unit 
The Domuzdag-Saraycikdag Unit is characterized by a north-dipping 
mélange unit in the north, metamorphosed to glaucophane schist facies, then 
retrograded to greenschist facies (Plate 6. 3). The mélange is exposed on the 
southern slopes of Elekdag, tectonically underneath the Elekdag ophiolite and 
extends to the northern slopes of Saraycikdag, where blocks gradually 
disappear and the unit becomes a 'diabase-phyllitoid" association (Enclosure 
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5). The topography is rather smooth, with WSW-ENE trending ridges, which 
correspond to narrow zones of tectonic mélange, or huge tectonic slices of 
serpentinite. The mélange is mainly of block-in-matrix type. Isolated small 
hills in this area commonly correspond to blocks of various lithologies. The 
blocks range in size from a few metres up to a few kilometres in diametre. 
The blocks are mainly ophiolitic and include serpentinite, gabbro, metabasites 
and metacherts, together with marble and blueschists (Enclosure 5). In places, 
the matrix is well stratified and can be followed for several hundred metres. 
The matrix is pelitic-psammitic with local metabasite, metatuff, red 
metasilicious mud and calcschist interbeds. 
6.4.1.1 The Matrix 
The matrix of the ophiolitic mélange is made up of pelitic-psammitic 
sediments, interbedded with metatuffs and minor calcschists. Red siliceous 
muds are also associated with volcano-sedimentary successions (Plate 3). In 
general, metabasites dominate the matrix of the northern outcrops, while 
metasediments are dominant towards the south. 
Due to the high-grade metamorphic state and intense deformation of the 
Complex, it is difficult to identify any stratigraphy in the matrix. Local 
sections show the matrix mainly comprises clastic sediments, with minor 
volcanogenic sediments, tuffs and thin lava slices. Red siliceous muds are 
associated with volcanogenic sequences and thin calcschists are seen as 
interbeds within the clastic succession. 
The clastic sequence is quartz-rich, dominantly brown, blackish brown 
and black schist and phyllite. The sediments are well foliated with white 
micas developed along foliation planes . Quartz veins, up to 60 cm thick, are 
widely seen. Sedimentary structures are not preserved in general, but 
bedding, grading and colour banding can be seen locally. Gradations from 
coarsely crystalline schists to phyllites are widely seen. Black micaceous 
phyllites and red phyllites are present in some areas, with thin, laterally 
discontinuous calcschist interbeds (up to 1 m thick, dominantly 20-30 cm). 
Such alternations are common especially in the structurally higher northern 
sections. These sediment packages are interleaved with volcaniclastic 
sequences, up to 200 m thick, at several stratigraphic and structural levels. 
Volcaniclastics are typically green to pale green, often massive and foliated. 
Plate 6. 3 a: General view from the ophiolitic mélange, looking towards 
northwest, towards Tepekaya Tepe (Enclosure 5). Volcaniclastic sediments are 
exposed at the highest levels of the cliff. Beneath, there are meta-gabbro, fine-
grained metabasjte, serpentinite and meta-carbonate blocks. b: Meta-carbonate 
block, embedded in a metabasite. Note hammer for the scale. Looking northward. 
C: Meta-chert (red) interbedded with metabasite (green). Note camera cap for the 
scale. d: A tectonic wedge of serpentinjte, intersljced with metabasites. Along the 
margins, talc schists (white) are developed. Looking northeastward. 
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Contacts with quartz-rich sediments are often sharp. These clastics are mainly 
medium-fine sand size sediments, with albite porphyroblasts. Grading is 
common. The coarse grained layers alternate with finer grained partings, (4-6 
cm-thick) and thus the sequence resembles 'flysch. The volcanogenic 
sequence includes thin, (20-30 cm thick) red, siliceous mudstone, comprising 
quartz and garnet. 
Another matrix lithology is tuff. This is fine-grained, green to pale green, 
with sedimentary banding. Laterally discontinuous lava sheets, up to 10 m 
thick, are also seen within the matrix, intersliced with the metaclastic 
succession. These lavas are massive and weakly foliated. Along margins, the 
lavas are silicified. Grey, green-red and black chert interbeds are often 
associated with black micaceous schists and lavas. In the Yaganlikoy area 
(Enclosure 5), a 1 m thick unit of, thin-bedded, green to greenish red, 
crenulated ribbon cherts stratigraphically overlies a metabasic unit, which, in 
turn, is overlain by black schists and phyllites. 
The block-in-matrix type mélange includes WSW-ENE trending units of 
tectonic mélanges with very little matrix (locally up to 40 cm thick between 
blocks). The scarce matrix is mainly finely foliated schistose serpentinite. In 
places, matrix is totally lacking and the mélange has a block-against-block 
fabric (Enclosure 5). 
6.4.1.2 The Blocks 
As described above, the blocks are mainly ophiolitic, including 
serpentinite, metagabbro, metabasite and minor cherts. Marble blocks of 
various sizes are also found within the unit (Plate 6. 3). 
The blocks are clearly tectonic in origin, as evidenced by sheared and 
altered margins (e.g. the occurrence of talcschists along the margins of 
serpentinite blocks), discontinuous and unconformable fabrics between the 
matrix and blocks and, in the case of tectonic mélanges, occurrences of sheared 
serpentinite matrix and different lithologies in contact with each other such as 
serpentinite, chert, marble and metabasite (Plate 6. 3). However, such 
relations are absent between some of the blocks. Instead, sub-rounded to lens 
shaped blocks are seen to be surrounded by the matrix lithologies. The matrix 
fabric envelops the blocks. Such relations could be due to the deep burial and 
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deformation rather than being sedimentary in origin (TUysUz, 1985), in view 
of the absence of observed debris flow deposits within the unit. However, 
some of the larger lava blocks include small boulders of limestones. 
The most common block lithology is serpentinite. These are also the 
largest tectonic blocks, exceeding several km in size. The margins of these 
serpentinite blocks are intensely sheared and cleaved and talc schists are 
developed in several slices. The matrix, in such areas is sheared, mylonitised 
and folded. This shearing decreases away from the block margins, over a 
distance of 10 m. In addition, a decrease in serpentinisation occurs and 
original igneous textures become recognisable. Dunitic and gabbroic dykes, 
and crysotile veins can also be recognised. The dunitic dykes are finely 
crystalline, brownish-black and typically 50-60 cm wide. The gabbroic dykes 
are a few metres across and medium grained. In smaller serpentinite slices, 
the shearing is penetrative and serpentinization is intense. Between shear 
planes, less altered massive serpentinised peridotites remain. 
Gabbroic blocks are widespread within the clastic matrix. Where 
present, the gabbros are lenticular to sub-rounded. The gabbros are mainly 
massive, showing foliation only along the block margins. This foliation is 
developed parallel to the edges of the blocks. There are both pegmatitic and 
medium-grained varieties. The pegmatitic gabbros form thrust sheets up to a 
few hundred metres thick, with a penetrative foliation, associated with 
mineral lineations. The mafic phases in the pegmatitic gabbros are 
serpentinised (i.e. olivine, pyroxene). The finer grained gabbro blocks tend to 
be smaller (i.e. a few metres across) and relatively fresh. 
Metabasite blocks are green, mainly massive and homogeneous, in terms 
of mineral assemblage. Albite porphyroblasts are well developed. In some 
blocks, albite laths are radially orientated. The size of the metabasite blocks 
range up to a few metres across. 
Marble blocks are common. The marbles are white-grey, medium- to 
thick-bedded, in places massive and coarsely crystalline. Some marbles 
contain thin (up to 10 cm) layers of breccia in a pinkish matrix. Thin layers of 
metabasite and volcanogenic clasts are present in some of the marble blocks. 
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Cherts rarely form blocks. In a few places, red-green cherts together 
with grey-black varieties are seen. These are mainly thin, laterally 
discontinuous, massive and/or thin-bedded and highly folded. 
6.4.2 Petrography 
6.4.2.1 Matrix 
The pelitic-psammitic sediments (i.e. the clastic matrix) are schistose and 
porphyroblastic (Plate 6. 4). The main mineral phases are: 
quartz+white mica+biotite+ garnet+calcite+opaques 
Stilpnomelane and tourmaline also occur (Eren, 1979). Quartz is present 
as anhedral crystals, alternating with mica-rich bands. Garnet is idioblastic in 
some sections, and pseudomorphed to chlorite, to some extent, in others. 
Biotite is tabular and occurs together with muscovite in mica rich layers. 
Calcite is developed as subhedral crystals. 
Volcaniclastic sediments generally exhibit a weakly spaced foliation. 
These sediments have poikiloblastic and porphyroblastic textures. The main 
mineral assemblages observed in different sections are: 
AIb ite+g1aucophanesch1orite+epidote+garnet+ca1cite+ q u artz+white 
mica+sphene 
AIb ite+epidote+ actinolite+chlorite+garnet+white mica+q U artZ+ 5 phene 
AIb ite+glaucophane+epidote+calcite+chlorite+white mica+ pyrite 
Albite occurs as porphyroblasts, with inclusions and/or as anhedral 
crystals. Epidote form anhedral crystals. Actinolite is common as acicular:, 
green crystals. Garnet is euhedral, generally pseudomorphed to chlorite and 
epidote. Glaucophane occurs as euhedral, prismatic crystals, some are 
retrograded to chlorite. 
The metabasites exhibit porphyroblastic textures. The main mineral 
assemblages are: 
Albite+e pidote+garnet+gla ucophane+chlorite+calcite+white in ica+ s phene 
Plate 6. 4 a: Volcaniclastic sediment, with glaucophane, quartz, albite and 
epidote. Mafic minerals are developed along the cleavage planes. Field of view is 
4.4 mm (XPL). b: Metabasite, with tabular epidote, chlorite, glaucophane, 
actinolite and albite. Field of view is 2. 2 mm (XPL). c: Psammitic sediment from 
the "diabase-phyllitoid" complex. The rock is made up of quartz, garnet and iron- 
oxide. Field of view is 4. 4 mm (PPL). d: Crenulated phyllite. Field of view is 4. 4 mm (PPL). 
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Albite+epidote+actinolite+chlorite+calcite+white mica+q uartz+sphene 
Albite porphyroblasts contain actinolite and epidote inclusions. Both 
anhedral and subhedral epidotes are present. Garnet is euhedral, retrograded 
to chlorite. Glaucophane is prismatic. 
Siliceous red pelites comprise essentially idioblastic garnet and quartz. 
Poikiloblastic, granoblastic textures are developed. 
6.4.2.2 Blocks 
The marble blocks have a granoblastic texture. The main component are 
calcite, together with glaucophane, white mica, quartz and albite. Where 
volcanogenic clasts are present, marbles contain epidote+actinolite. Ribbon 
cherts have typical granoblastic textures. Mineral assemblage comprise 
idioblastic garnet, quartz, and white mica. Gabbro bloc! (apart from 
pegmatitic and granular facies), show poikiloblastic, porphyroblastic and 
blastomylonitic textures (Eren, 1979). The following mineral assemblages are 
observed in metagabbros. 
AIb ite+ actinolite+e pidote+chlorite+ s phene 
Albite+glaucophane+garnet+white m ica+chlorite 
The metabasites have the following mineral assemblages: 
Aib ite+ actinolite+e pidote+chlorite+ s phene 
Albite+glaucophane+chlorite+white mica+quartz+epidote (Plate 6. 4) 
Serpentinites have an antigorite+lizardite+crysotile assemblage. 
6.4.3 "Diabase-phyllitoid" complex 
Towards the south, blocks gradually disappear and the unit passes into a 
north-dipping "diabase-phyllitoid assemblage. This is exposed at 
Saraycikdag, extending towards a line between Imamlar and Gumusolugu 
villages (Fig. 6. 1, 6. 2), where a carbonate dominated slice-complex (the Kargi 
Group) crops out structurally beneath, to the south (Chapter 7) 
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The exposed basement of the unit is represented by metabasite slices. 
These are overlain by metacherts and then by pelitic sediments. Structurally 
higher, the unit comprises metabasites intersliced with thicker pelitic-
psammitic alternations. 
The structurally lowermost metabasites are massive, weakly foliated 
with albite porphyroblasts. Upwards, these contain thin pelite interlayers. 
Further up, above the metabasites, there is a metachert succession, up to 20 m 
thick. The cherts are blackish-blue and folded. The bluish colour of the cherts 
is due to the existence of glaucophane. Above, there are black psammitic-
pelitic sediments with large garnets. This sequence is overlain by brown 
metaclastics with slices of porphyroblastic metabasites. Metabasite slices 
decrease upwards and pelitic-psammitic sediments become dominant. 
Structurally higher metabasite slices are well foliated and finer grained. 
6.4.3.1 Petrography 
6.4.3.1.1 Metabasites 
Structurally higher (i.e. northern) metabasites occur as well foliated 
slices, up to 10 m thick, that are mainly fine grained. The southern, 
structurally lowermost, metabasites are thicker (250-300 tn), and coarser-
grained with albite porphyroblasts. 
An alb ite+epidote+actinolite+chlorite+-calcite assemblage is developed in 
metabasites. Actinolite occurs as small, unoriented, needle-like crystals. Some 
of them exhibit bluish pleochroism (i.e. barroisite). Albite is finely crystalline 
and anhedral. 
Structurally downwards, albite porphyroblasts are seen to be developed 
and the prismatic minerals becOme coarser and orientated. Garnet joins the 
mineral assemblage, with some biotite. l3iotite is yellowish brown, but not 
widespread. The structurally lowermost metabasites are the coarsest grained. 
Albite porphyroblasts contain actinolite and epidote inclusions and are 
twinned. Garnet is retrograded to chlorite along the margins. Although 
adjacent metasediments contain glaucophane, this mineral is not seen in the 
metabasites. Coarser actinolites show blue-green pleochroism (barroisite) in 
the structurally lower metabasite slices. 




These include dominantly pelitic-psammitic intercalations, with some 
ribbon cherts. The pelitic-psammitic interlayers are quartz-mica rich, well 
foliated and black-brown. Micas are developed along foliation planes and are 
coarse enough to be seen with the naked eye within the schists. The 
metamorphic grade increase structurally downwards with the development of 
glaucophane and garnet. 
The following assemblages are developed: 
Quartz+white mica+- alb ite+-chlorite+-calcite+ -op aques, 
Quartz+white mica+glaucophane+garnet+apatite, and 
Quartz+garnet+white mica+glaucophane+-epidote+-apatite. 
Quartz is the dominant mineral in the schist-phyllite assemblage. 
Quartz-rich zones alternate with mica-rich layers. Garnet is euhedral in 
general (6-7 mm in size) and dominates the structurally lower schists. 
Glaucophane-rich schists are bluish-black in colour. Glaucophane crystals are 
seen to be both parallel to foliation and randomly orientated. These crystals 
are euhedral, large enough to be seen with the naked eye. 
The assemblage Quartz + glaucophane + sodic pyroxene + white mica 
(phengite) + garnet +- epidote —apatite —opaque is developed in the cherts. 
Granoblastic quartz is the dominant mineral but occurrences of 
stilpnomelane are also reported (TUysUz, 1985). Glauocophane is idioblastic-
poikiloblastic, with amphibole cleavages. As in the schists, this mineral occurs 
both parallel to the layering and randomly orientated. A barroisitic rim is 
observed around glaucophane crystals. Apatite is euhedral. Garnet is finely 
crystalline and euhedral. White micas are phengitic in composition and form 
well defined layering. Opaques are hematite. 
6.4.4 Structure 
The Domuzdag-Sarayctkdag Unit comprises a north-dipping unit, (i.e. the 
ophiolitic melange) in the north, and intersliced lavas and sediments in the 
south, both metamorphosed to glaucophane schist-greenschist facies (Plate 6. 
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5). Mesoscopic structures including folds and lineations are well developed in 
the mélange unit (Fig. 6. 16). The southern intersliced unit exhibits a rather 
simple structure: north dipping pelitic-psammitic sediments are interleaved 
with laterally continuous north-dipping metab asite sheets. 
The ophiolitic mélange, as described above, consists of a block-in-matrix 
type unit, with WSW-ENE trending zones of tectonic mélange. The foliations 
are parallel to the primary layering in general, as evidenced from primary 
sedimentary structures and lithological boundaries. The matrix is seen to 
surround the blocks, parallel to the block margins in several locations. Along 
the margins of the blocks schistosity surfaces dip in several directions. 
Smaller blocks are lens-shaped and north-dipping, conformable to the general 
north-dipping structure of the unit. Where blocks are not exposed, small, 
laterally continuous. WSW-ENE trending ridges mark the sites of N-dipping 
thrusts, whereas the matrix is intensely folded. The ridges are spaced at 700-
1000 m intervals (Fig. 6. 17). 
South-verging folds include tight asymmetrical folds, chevron folds, 
parasitic and isoclinal folds. Intra-folial folds and refolded folds are also 
developed. 
Three generations of folds are developed in the mélange. The first of 
these are isoclinal, similar, folds, seen as preserved hinges. Associated with 
this folding, Si cleavages are developed. Later folds fold the Sl foliations. 
Both WSW-ENE (F2) and minor NW-SE (F3) trending folds are developed. The 
F2 folds plunge W-SW while F3 folds plunge northward (Fig. 6. 16a). 
Crenulation cleavages and lineations are associated with F2 and F3 folds. 
S2 cleavages trend N70-75W and dip NE with high angles (60). S3 cleavages 
trend N-S and dip westward. Intersection of these cleavages with Si has 
produced crenulation lineations, which are parallel to the trend of associated 
folding (Fig. 6. l6b). 
Prismatic minerals in various lithologies, such as actinolite, glaucophane 
and albite porphyroblasts form mineral orientation lineations. These 
lineations trend parallel to the F2 and F3 folds (Fig. 6. 16b). Stretching 
lineations trend NW-SE and plunge NW (Fig. 6. 16b). 
Plate 6. 5 Structural features of the Domuzdag_sarayclkdag Complex, a: 
Sheared meta-gabbro. Note camera cap for scale. b: Crenulated blueschjsts 
retrograded to greenschjsts along the foliation planes. Note pencil for the scale. c: 
A similar tight fold in metabasites, verging southward. Note pencil for the scale. 
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Fig. 6. 16 Lower hemisphere stereoplots of a: Fold hinges; b: mineral and 
stretching lineations and poles to crenulation cleavages. See text for explanation. 
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In summary, the structural data indicate southward emplacement of the unit. 
6.4.5 Geochemistry 
A total of 16 metabasite samples from several blocks in the ophioljtjc 
mélange and 12 from the diabase-phyllitoid association were analysed in 
order to determine the eruptive tectonic setting. These are given in Appendix 
1. Only the immobile elements are used due to the metamorphic state of the 
rocks (see Chapter 2). 
The metabasites plot in the sub-alkaline basalt field in the Nb/Y versus 
Zr/Ti diagram of Winchester and Floyd (1977; Fig. 6. 18a). On the Ti/Y versus 
Nb/Y diagram (Fig. 6. l8b), the basites plot in the tholeiitic field. In the Ti 
versus Zr diagram (Fig. 6.. 19a), all the samples are located in the basic field 
and plot in the MORE and TAT fields. Several other tectonic discrimination 
diagrams were used and, in all of these, the ophiolitic mélange lavas plot in the 
MORB and TAT fields (Fig. 6. 19 b  to 6. 21). 
In the multi-element spidergrams" (Fig. 6. 22a, b), the lavas show 
relatively flat patterns, with some humped patterns, enriched in most of the 
HFSE. In these diagrams, there is no indication of Nb depletion and Ce and P 
enrichment, which are characteristics of supra-subduction zone lavas. 
The metabasites in the diabase-phyllitoid association are geochemically 
different from those of the ophiolitic mélange. They are more enriched in 
HFSE. They plot in the MORE field in several discrimination diagrams and 
show enriched patterns in the MORB-normalised spidergrams. 
6.4.6 Sedimentary geochemistry 
A total of 15 pelitic-psammitic sediments were geochemically analysed 
in order to determine provenance and the tectonic setting. These are given in 
Appendix 1. In spite of the metamorphic state of the sediments (upper 
greenschist-glaucophane schist facies), standard element correlations are still 
valid (i.e. K vs Al, Rb vs Sr. Ti vs Al). Overall, the sediments are geochemically 
similar to those of the Qangaldag Complex. In the Th/Sc versus La/Sc diagram 
(Fig. 6. 23a), the metasediments plot close to the average island arc 
intermediate field. In the Sc/Th versus Cr/Th diagram (Fig. 6. 23b), the 
Dam uzda-Saraycikdag Unit sediments plot close to the acidic arc field. In the 
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metabasites plot mainly in the MORB fields on these ternary diagrams. 
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sediments; a: La/Sc versus Ti/Zr; b: Th-Sc-Zr/lO. See text for explanation. 
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La/Sc versus Ti/Zr diagram (Fig. 6. 24a), the samples plot in the CIA 
(continental island arc) field, some close to the OIA (oceanic island arc) and 
ACM fields. Similarly, they mainly plot in the CIA field in the Th-Sc-Zr/lO 
(Fig. 6. 24b) and La-Th-Sc ternary diagrams (6. 25a). 
When normalised to average shale, (NASC-North American Shale 
Composite) the sediments show an enrichment in Cr, V, La, Ni and Sc (Fig. 6. 
25b). This is interpreted as the result of a mixed acidic and basic igneous 
provenance. 
6.5 Summary and interpretation 
The Bayam Mélange comprises north-dipping tectonic slices of 
metabasites, meta-sediments and serpentinite. The stratigraphy of the 
metabasites (i.e. meta-gabbro, meta-diabase and meta-basalt) suggest an 
ophiolitic protolith. The geochemistry of the metabasites indicates an above-
subduction zone genesis. The chrome-spinel chemistry of the Elekdag 
Ophiolite is compatible with an IAT to boninitic (i.e. highly depleted) and 
suggest a fore-arc setting. The Domuzda-Saraycikdag Complex is the only 
unit which includes blocks and tectonic slices of true MORB-type metabasites 
in the Central Pontides. Except for the Elekdag Ophiolite, the two mélange 
units were metamorphosed to high-pressure glaucophane schist facies. 
The Bayam Mélange is interpreted as the tectonically eroded hanging 
wall of the Palaeotethyan subduction zone. Possibly, 'tectonic erosion pre-
dated the formation of the Elekdag Ophiolite. Slices of the upper plate were 
carried down and underplated. This was followed by sub duction-accretion of 
MORD-type crust (i.e. the Domuzdag-Saraycikda Complex). Accreted trench 
sediments were derived both from the upper and lower plates (pelagic 
sediments and seamounts, capped by carbonates). Sub d uction- accretion 
continued until a Permian seamount collided with the trench (i.e. the Kargi 
Complex, Chapter 7). Occurrence of open ocean sediments, MORE-type lavas, 
the overall thickness and the metamorphic grade of the Domuzdag-
Saraycikdag Complex indicate that the oceanic basin consumed was a large 
ocean. This is interpreted here as Palaeotethys. 
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The origin of blueschist blocks within the upper levels and the klippe-





A carbonate-dominated sequence, termed the Kargi Complex, is exposed 
in the southern part of the Central Pontides, structurally underlying a 
sub duction-accretion complex, the Dom uzdag-Saraycikdag Unit (Chapter 6; 
Figs. 7. 1, 7. 2). The Kargi Complex consists of three structurally assembled 
tectono-stratigraphic units. These are the Gumusolugu Unit in the north 
(structurally highest), the Akcatas Unit in the middle, and the Kunduz Unit in 
the south (structurally lowest; Fig. 7. 3). The Akcatas Unit is made up of a 
thick (> 1000 m) carbonate sequence, passing up into a clastic succession with 
marble olistholiths and is structurally overlain by black phyllites with 
ophiolitic and marble blocks. The northern, Gumusolugu Unit comprises 
internally thrust-imbricated, north-dipping deep-water sediments, deposited 
on a metabasic basement. The structurally lowermost unit (i.e. the Kunduz 
Unit) consists of south-vergent thrust slices of deep-water sediments, with a 
metabasic basement. 
The Gumusolugu Unit has been metamorphosed high-pressure blueschist 
facies, then to epidote-amphibolite fades, and retrograded to greenschist 
facies, while the Kunduz Unit exhibits high-pressure metamorphism at the 
base and greenschist facies towards the top. 
In this chapter, the stratigraphy, structure, geochemistry and tectonic 
evolution of the Kargi Complex will be discussed. The units will be described 
from north to south. 
7.2 Regional Setting 
The Kargi Complex is one of the major tectonic units, exposed to the south 
of Kastamonu-Eoyabat basin, in a 80 km-wide imbricated zone, which 
experienced, Tertiary deformation (Fig. 7. 1; TUysUz, 1990). Several tectonic 
units form east-west trending belts. In the north, the Kargi Complex is 
bordered by the Domuzdag-Saraycikdag Unit, interpreted as a subduction- 
accretion complex, metamorphosed to blueschist facies (Chapter 6). A late 
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Fig. 7. 1 Simplified geological map of the Central Pontides, showing the main 
tectonic units (modified after TUysUz, 1990). The Kargi Complex is exposed at the 













































Fig. 7. 2 Simplified N-S cross section of the Central Pontides. The tectonic 
units discussed in this chapter are highlighted. 







Fig 7. 3 Schematic cross-section, showing the structural order of the Kargi 
Complex. 
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Cretaceous ophiolite and ophiolitic mélanges were thrust over the Kargi Group 
from the south in Campanian-Maastrichtian time and later imbricated with the 
basement (i.e. Kargi Complex) in the early Eocene (Chapter 9). A Late 
Cretaceous oceanic arc sliver (the Kosdag Unit, Chapter 9; TUysUz, 1990) forms 
the southern border of the Kargi Complex. The dextral north Anatolian 
transform fault dissects the Kargi Complex in the south. 
7.3 Age 
The benthic foraminifera Fusulinida is observed in the Akcatas Unit 
limestones, and overlying pelitic sediments. A Late Carboniferous-Permian 
age was thus determined for the platform unit, based on Hemigordius sp., 
Tetrataxis sp., Fusulina sp., Schwagerina sp., Mizzia velebitana (TQysUz, 1990). 
Radiometric dating of metabasites from the northern imbricate complex (i.e. 
the Gumusolugu Unit) is in progress. The oldest sediments unconformably 
overlying the Kargi Complex are Campanian pelagic limestones, overlain by 
sheared sandstone-shale alternations then, coloured ophiolitic mélange" and a 
Late Mesozoic ophiolite 
7.4 Previous work 
TUysUz (1985) believed that all the tectonic units of the Central Pontides 
(i.e. the KUre Complex, Cangaldag Complex, Elekdag Ophiolite, Bayam Mélange, 
Domuzdag-Saraycikdag Complex, Kargi Complex) form part of a single tectono-
stratigraphic unit, comprising an ophiolitic basement and its conformable 
sedimentary cover (i.e. pelagic sediments at the base passing upward into a 
flysch sequence). Thus, in his view, the ophiolitic basement is mainly exposed 
in the Elekdag area, while the upper part of the ophiolite and sedimentary 
cover are exposed in the Ktlre, Cangaldag and Saraycikdag areas (i.e. Bekirli 
and G(Jmiisolugu Formations). The Domuzdag Formation is interpreted by 
TQysUz (1985) as a subduction complex (Chapter 6). He described both the 
Gumusolugu Unit and the Kunduz Unit, essentially as amphibolite-marble-
pelite alternations. TUysUz (1990) correlated the Kargi Complex with the 
Karakaya Complex of the 'Sakarya Continent. He suggested that 
Palaeotethyan oceanic lithosphere was subducted southward, with the 
carbonate platform (i.e. the Akcata and the Gum(jsolugu Units) forming a 
southern active margin. This carbonate platform underwent rifting in 
association with transform related process (0. T(jysUz, personal comm., 1991), 
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to form the Karakaya Complex as a back-arc basin in a fashion similar to the 
Andaman Sea (Curray et al., 1982; Fig. 7. 4). 
In contrast, Yilmaz (1990) correlated the Kargi Group with the basement 
of the Eastern Pontides. He also suggested that the carbonate platform formed 
part of a southerly active margin of Palaeotethys. 
Most recently, Yilmaz and TUysUz (1991 ) correlated the Kunduz Unit with 
the Karakaya Complex of the "Sakarya Continent'. They described this unit as 
a metavolcanic and metasedimentary unit, metamorphosed to high pressure 
fades at the base, passing up into greenschist facies at higher levels. They 
again argued that the carbonate platform was located along the southern 
active margin of Palaeotethys. In this model, the carbonate platform was 
rifted above a subduction zone and a back-arc basin (Karakaya Complex) was 
formed. New data presented in this chapter have led to a quite different 
interpretation of the Kargi Complex. 
7.5 Structure 
The present work shows that the Kargi Complex comprises three 
structurally assembled units. The northern (structurally highest) and the 
southern (structurally lowest) units are internally thrust imbricated, with 
southerly thrust vergence (Fig. 7. 3). The higher thrust sheets within the 
Gumusolugu Unit contain more distal facies, consistent with piggy-back 
thrusting of a proximal to distal facies trend away from the carbonate 
platform (i.e. Akcatas Unit). The opposite is observed for the Kunduz Unit. 
Layer-parallel extension is ubiquitous and has disrupted bedding to form 
metacarbonate phacoids and/or lenses, embedded in more ductile pelitic 
sediments. 
The Gumusolugu Unit is essentially made up of thrust imbricated and 
folded metabasites and deep-sea sediments. The thrusts are generally north-
dipping at 40-50 ° , ranging up to 65-75 ° , locally (Fig. 7. 5). Most thrust sheets 
show south verging folding, as dominantly tight, asymmetrical folds, chevron 
folds, parasitic folds and recumbent isoclinal folds. The amplitude of these 
folds is generally less than 10 m. However, some thrust sheets include north-
dipping lithologies without folding, or show only upright folds. In such 
sections, the unit appears to be made up of two different lithologies, showing 
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Fig 7. 4 Tectonic evolution of the Central Pontides based on TUysUz (1990) 
mode!. According to this model, the carbonate platform formed the southern 
active margin of Palaeotethys. Kunduz Unit (basin) then opened as a back-arc 
basin to the south (Karakaya Basin), and subsequently closed, leading to 
northward emplacement over the platform (southward-directed underthrusting). 
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Fig. 7. 5 Cross-section of the Imamoglu area, showing the internal structure 
and lithostratigraphic units, as seen just beneath the Domuzdag-Sarayctkdag 
Complex, exposed to the north. 
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tectonic repetition. There is a wide scatter in the orientation of folds, but 
northeast-trending folds, with moderate plunges (35) dominate (Fig. 7. 6). 
North-south trending folds are apparently younger since they deform thrust 
planes. 
The Akcatas Unit is dominated by an upright, NE-trending anticline, up to 
2 km across; On a large scale, the unit has a monoclinal structure. Both west-
northwest and south-verging folds are present within the unit. The north 
verging folds are confined to southerly outcrop areas. Thrusts are low angle 
(l5-25). The Akcata Unit is also affected by Eocene re-thrusting. 
Further south, the structure of the Kunduz Unit is similar to that of the 
GumUolugu Unit. The Kunduz Unit is also made up of north-dipping thrust 
slices, although differing in that the thrust sheets are thicker (100 m) and 
more laterally continuous within this unit compared to the GumUsolugu Unit. 
7.6 Lithostratigraphy 
7.6.1 Gumusolugu  Unit 
This unit comprises intersliced metabasites and metasediments, both 
clastics and carbonates (Figs. 7. 7, 7. 8, 7. 9). It was metamorphosed to 
glaucophane schist facies, and subsequently to epidote-amphibolite facies 
before being retrogressed to greenschist facies. 
Structurally beneath north-dipping pelitic-psam mitic sediments of the 
Domuzdag-Saraycikda Unit (Chapter 6), intensely sheared and folded, darker 
phyllitic sediments of the GUniüoluu Unit are exposed. The GumUsolugu Unit 
extends from the south of Nefsidere village in the east to west of Gumusolugu 
village in the west (Fig. 7. 8). In the south, this unit extends to Bahulu Yayla 
and Abdikdy villages, where it is thrust over the upper levels of the Akcata 
Unit (Fig. 7. 8). 
7.6. 1. 1 Metabasites 
The metabasic rocks are dominantly massive, foliated amphibolites. In 
places, deformed pillow structures are preserved (Plate 7. 1). Dark chilled 
margins of pillows, a few millimetre thick, are also locally preserved. The 
229 
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KARGI COMPLEX 
Poles to axial planes 
Fig 7. 6 Lower hemisphere stereoplot of poles to axial planes of the Kargi 
Complex. See text for explanation. 
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Fig 7. 7 Stratigraphic log of the Guniusolugu Unit. Not to scale. 
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Fig 7. 8 Simplified geological map of the southern part of the study area, 
showing the major tectonic units, their relations and internal structures. Location 
of Fig. 7. 9 is also shown. 
Plate 7. 1 Gumusolugu Unit. a: Deformed pillow lava. Hammer is for the 
scale; b: Folded meta-ribbon cherts; c: Meta-carbonate- metabasite alternation. 
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thickness of the metabasite lithologies varies from 1 in to 50 in in different 
slices. Lenses of limestones occur in some metabasites. 
7.6.1.2 Meta-sediments 
The metabasites are depositionally overlain by ribbon cherts and 
redeposited limestones (Fig. 7. 7). The limestones are grey, recrystallised and 
massive at the base, with fine laminations and medium- to thin-bedding in the 
upper parts. Limestone conglomerates are observed in the lower thrust slices. 
These are debris flows, each up to i in thick, comprising deformed limestone 
clasts (up to 10 cm long) in a reddish shaly matrix. In structurally higher 
slices, Iimcstones contain thin laminae, or 1-2 cm-thick, green, metabasic 
partings. In such cases, a metabasite-limestone alternation is seen (Plate 7. 1). 
Above the metabasites, are ribbon cherts, now quartzite, in some thrust slices. 
These cherts are thin-bedded (up to 4 cm thick), white-reddish and, in places 
contain red pelite interbeds, a few millimetres thick (Plate 7. 1). Individual 
ribbon cherts are up to 2 in thick, where unfolded. 
The ribbon cherts are stratigraphically overlain by metacarbonates in the 
structurally lower slices and by phyllites in the upper slices. The 
metacarbonates are grey-bluish grey, dominantly massive, recrystallized, and 
in places conglomeratic (Plate 7. 1). Further up sequence, the metacarbonates 
become thinner-bedded and decrease in abundance, while pelitic 
intercalations increase. Thin meta-carbonate horizons alternate with pelitic 
sediments in these sections. The pelitic sediments are dark brown-grey and 
schistose, with white micas are developed along foliation planes. The upper 
part of the sequence is dominantly phyllitic. The uppermost slices are mainly 
made up of metabasite, ribbon chert, phyllite together with greyish black, 
metalliferous sediments are also present in the upper slices. 
Near cirtlik, along the Kirazbasi valley (Fig. 7. 8), the uppermost part of 
the Gumusolugu Unit is represented by brown pelitic sediments, with 100 in -
long limestone blocks and laterally continuous marble intercalations, up to 2 in 
thick. Structurally downward, marbles become dominant. Further west, the 
upper part of the units are represented by metabasite, green-black pelitic 
schist and sheared, recrystallized limestone alternations. These limestones are 
generally less than 1 in thick and contain chloritic volcanic debris. 
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Fig. 7. 9 Geological map of the Imamlar area, showing the internal imbricate 
structure of the Gumusolugu Unit. 
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In the southern outcrop areas, near and to the NE of Bahsulu Yayla, the 
GumUsolugu Unit is composed of thicker slices of thick-bedded limestones, 
with occasional pelitic and rare metabasic intercalations (Fig. 7. 10). 
Southward, the thickness of the metacarbonate slices increase and there is an 
increase in bed thickness. These limestones are regularly bedded, massive 
and recrystallized without any intercalated metabasites or phyllites. 
7.6.1.3 Petrography 
Meta-carbonates are dominantly calcite. White mica occurs in calcschists, 
together with quartz. Barroisite+hornblende and anhedral epidote are seen in 
the meta-carbonates which alternate with metabasites. 
The metabasites commonly comprise an assemblage of albite + blue-
green amphibole + hornblende + epidote + chlorite + biotite + sphene + opaque 
minerals. Omphacite, glaucophane and clinoenstatite are also seen in some 
sections. Porphyroblastic textures are widely developed. 
Glaucophane occurs both as alteration rims of barroisite and also in the 
cores of barroisite grains. All the amphiboles are euhedral, and show a 
preferred orientation. Albite is present as porphyroblasts with occasional 
twins. Omphacite, pale green and euhedral, was observed in only one section. 
Epidote is anhedral and present as small grains. Clinozoisite occurs and 
displays characteristic twinning. 
TUysUz (1985) also describes a gabbro-amphibolite from the unit. This 
has a hornb lend e+ alb ite+epidote+calcite+sphene+clinopyroxene (augite) 
mineral assemblage. 
The pelitic schists are made up of quartz+white mica+garnet+opaque 
minerals. Occurrences of barroisite and tourmaline are also reported from this 
lithology(TUysUz, 1985). 
In summary, the Gumtlsolugu Unit was first metamorphosed to 
glaucophane fades, based on metamorphic mineral assemblages. Occurrences 
of omphacite together with indicates high-grade blueschist facies 
metamorphism, followed by epidote-amphibolite facies metamorphism and 
then a retrograde greenschist facies metamorphic overprint. 













Fig. 7. 10 Cross-sections, showing the internal structure of the Akcatas Unit 
and the Gumusolugu Unit. a: structurally uppermost part (inferred fore-deep 
succession) of the Akcatas Unit; and b: structurally lowermost part of the 
Gumusolugu Unit, near the contact with the Akcatas Unit. 
1. Meta-carbonate; 2. phyllite; 3. meta-carbonate olistolith. 
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7.6.2 Akcata5 Unit 
The Akcatas Unit is exposed to the north of the North Anatolian 
Transform Fault and extends to the Haciveli-Abdikoy-Bahsulu Yayla villages 
where the overlying Gumusolugu Unit is exposed (Fig. 7. 8). The Akcatas Unit 
is made up of folded platform-type carbonates at the base (Plate 7. 2) passing 
upward into a clastic succession, with blocks of limestones and debris flows 
composed of limestone -clasts (Fig. 7. 11). This is, in turn structurally overlain 
by black pelitic sediments, with blocks of metabasite and meta- serpentinite. 
The Akçatas Unit is unconformably overlain by Late Cretaceous 
Glob otruncana-bearing limestones, and an overlying succession of sheared 
flysch and Late Cretaceous coloured mélange. This unit is interpreted to 
represent deposition in carbonate platform setting, then foreland settings. 
The type area of the Akcatas Unit is between Kargi Yayla and Boazbai 
Y. (Fig. 7. 9). Near Kargi Yayla, the unit is in tectonic contact with Neotethyan 
ophiolites and ophiolitic mélanges (Chapter 10). At the observable base of the 
unit, there are laterally discontinuous, quartz-rich metaconglomerates, up to 1 
m thick (Plate 7. 2). Individual quartz pebbles are elongated parallel to 
foliation planes and have a micaceous fine-grained matrix Above this 
conglomerate is a finer-grained metaclastic succession, represented by 
psammites and then pelites, up to 20 m thick. Upwards, thin beds ci 
limestones alternate with the black pelitic sediments (Fig. 7. 11). This pelite-
carbonate alternation gradually gives way to a carbonate succession, without 
shaly partings, over a 50 m distance. The recrystallized carbonates are 
greyish black to grey, thick-bedded and exceed a total thickness of 1000 m. 
Fusulinids are observed in the carbonate succession, indicating a Late 
Carboniferous-Permian age (Tuysuz, 1990). Upwards, the carbonates become 
thinner-bedded with thin shaly (pelitic) partings. Gradually the carbonate 
intercalations disappear and the sequence become totally clastic, at first as 
black pelitic sediments, with brown psammitic interbeds, up to 5 m thick, 
then higher up, alternating with black pelites. Recrystallized limestone blocks, 
interpreted as olistoliths, are present in this part of the sequence (Fig. 7. 12). 
These are generally lens-shaped and variable in dimension, up to 200x500 m 
in size in the type area: kilometre-sized blocks are common in other areas. 
The limestone blocks are thick-bedded, crystalline, without shaly partings and 
are similar to the limestones described at the base of the Akcatas Unit 
Plate 7. 2 Field photographs from the Akcatas Unit. a: general view from 
the platform carbonates. b: the basal, quartz-rich meta -conglomerates. Field of 
view is approximately 15 cm. C: Close up of platform carbonates, rich in 
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succession. No fossils have been found in these limestones blocks. The 
uppermost part of the sequence is represented by pelite and psammite 
alternations, with interbeds of debris flows and calciturbitites (up to 30 cm 
thick). The debris flows are generally up to 1 m thick, with a pelitic matrix. 
Clasts are entirely recrystallized limestones. The limestone clasts are highly 
sheared and phacoidal. The individual clasts range from coarse pebble to 
boulder size. The matrix is cleaved, parallel to bedding. 
Near Baglarbast Yayla, a more than 1000 rn-thick, black, pelitic sequence 
is thrust over above succession (Fig. 7. 13). Along the contact, up to 2 rn-thick, 
discontinuous quartz veins are seen. The black shales (pelites) contain blocks 
of metabasites, limestones and serpentinites. The size of the individual blocks 
is smaller (up to a few metres long and a few metres wide) than the limestone 
blocks in the basal sequence and they are more lensoidal in geometry. There 
are also calciturbidite interbeds within this succession. 
The uppermost successions are structurally overlain by the Gurnusolugu 
Unit. This contact is well exposed near Abdi Mah. (Fig. 7.14). 
7.6.2 Kunduz Unit 
South of the Akcatas Unit, along the North Anatolian Transform Fault 
(NATO another sequence is seen, which is similar to the Gumusolugu Unit in 
tectono-stratigraphy, but with a lower metamorphic grade (Plate 7. 3). This 
unit consists of intersliced low-grade meta-lavas, ribbon cherts, redeposited 
carbonates and clastic sediments (Fig. 7. 15). The type locality of the unit is 
Kamil (AsikbUkU)-Yukarizeytin and Orencik areas. 
The Kunduz Unit is located closest to the Neotethyan suture and the 
NATF, and thus this unit was the most intensely deformed by post-Cretaceous 
collisional tectonism. 
A volcanic sequence is exposed near AikbUkü village and is represented 
by mainly aphyric, weakly foliated massive lavas (Fig. 7. 16). These lavas are 
locally stratigraphically overlain by metalliferous sediments, a few cm-thick, 
then by limestones alternating with reddish brown shales, up to 200 rn-thick. 
Individual graded limestones, up to 1 metre-thick, are interpreted as 
calciturbidites. Lamination and grading indicate way up. Above, are green 
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Fig. 7. 13 Cross-section along the Akcatas-Bogazbasi Y. road, showing the 
stratigraphy of the upper part of the Akcatas Unit and contact relation of the 
platform with the fore-deep succession. 
1. phyllite, 2. psam mite, 3. carbonate debris flow, 4. pelitic debris flow with 










Fig 7. 14 Cross-section, showing the structural relations of the GUmUso!ugu 
Unit-Akcatas Unit and Upper Cretaceous sediments. 
1. Psammite; 2. phyllite; 3. meta-carbonate; 4. metabasite; 5. Globotruncana 
bearing pelagic limestone (Campanian ?); 6. sandstone-shale alternation 
(Campanian?). 
Plate 7. 3 Field photographs of the Kunduz Unit, a: General view. The 
Kunduz Unit is essentially made up of imbrication of metabasite (green) and meta-
carbonates (cream-white). The valley is the location of the North Anatolian 
Transform Fault. At the back ground, the platform carbonates (Akcatas Unit) is 
thrust over the Kunduz Unit from the north. Looking north-northeastward, b: 
Deformed pillow lavas cut by undeformed dykes, possibly Neotethyan related. C: 
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Fig. 7. 15 Composite log of the Kunduz Unit. Not to scale. 
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Fig. 7. 16 Representative cross-sections showing stratigraphical variations in 
the Kunduz Unit. 
1. massive meta-lava, 2. pillow lava, 3. meta-carbonate, 4. phyllite 
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to 2 rn-thick (in AikbukO-Yukarizeytin road, Fig. 7. 9, 7. 16). These 
limestones are intruded by diabase dykes, 50-70 cm-wide (Plate 7. 3). 
Southeast of AsikbükU village, the volcaniclastic sediments contain 
calciturbidite interbeds ranging from 5 cm-50 cm thick. There are also 
amalgamated calciturbidites, up to 5 rn-thick, locally containing a few cm-thick 
volcaniclastic partings. The volcaniclastics are green, well foliated, with albite 
porphyroblasts. Chlorite is abundant on foliation planes, parallel to the 
bedding. 
Pillow lavas are exposed along the Yukarizeytin road which are vesicular, 
40-60 cm long and flattened, with dark green chilled margins, a few 
millimetre-thick. The upper part of the pillow lavas contain chlorite-rich tuffs, 
and limestone, as interpillow matrix. Diabasic dykes intrude the pillow lavas, 
which are subsequently overlain by massive lavas, with blocks of 
recrystallized limestones. Above, the massive lavas are directly overlain, in 
turn, by a 70 cm-thick unit of white, to reddish ribbon cherts. Further up 
sequence limestones and phyllites characterize the section. 
The structurally lowest slices are represented by phyllites, alternating 
with quartz-rich psanamitic interbeds, 40-50 cm thick, of possible turbiditic 
origin. Black cherts are also present within this upper part of the succession, 
associated with the psammites. 
The structurally upper part of the sequence is dominated by thick 
horizons of recrystallised limestones and metabasites, with occasional pelitic 
sediments. 
7.6.2.1 Petrography 
The pillow lavas exhibit an ophitic texture. Plagioclases are albitized and 
occur as lath-shaped crystals, while yroxenes are euhedral. Chioritisation has 
affected clinopyroxenes. Olivine is also seen, pseudomorphed by calcite. 
Epidote and actinolite occur as metamorphic minerals. Vesicules are filled 
with calcite, epidote and chlorite. In some sections, the minerals in the lavas 
are replaced by metamorphic minerals, with only remnants of anhedral 
clinopyroxene. In such lavas, the clinopyroxenes are actinolitised along 
cleavage planes. Blue-green amphiboles (barroisite) are also observed. It is 
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noteworthy that albite porphyroblasts are confined to the lowermost 
structural slices. 
Metacarbonates are granoblastic in texture with calcite dominating as the 
principal mineral phase, together with quartz. Pelitic sediments have a quartz 
+ white mica + calcite + albite + chlorite mineral assemblage. 
The mineral assemblage of the Kunduz Unit indicates greenschist facies 
metamorphism. Yilmaz and Tüysuz (199 1) report evidence of a high-pressure 
metamorphism affecting the lower part of the sequence. 
7.7 Interpretation 
The GümUsoluu Unit comprises intersliced metacarbonates, metacherts, 
pelitic sediments and metabasites. There is a lithologic variation from north to 
south within the unit. The northern thrust sheets (structurally upper levels) 
are composed of pelitic sediments, with thin carbonate horizons interpreted as 
calciturbidites. Towards the south (i.e. structurally lower), the metacarbonates 
become thicker-bedded and increase in abundance. Occurrences of ribbon 
cherts are limited to the structurally higher imbricate slices. 
The Gumusolugu Unit is interpreted as the northern passive margin 
sequences to a carbonate platform, represented by the Akcata Unit (see 
below, Fig. 7. 17). Inferred depositional environments range from platform 
edge (i.e. massive limestones -pelitic sediments) to slope (i.e. the 
calciturbidites-ribbon cherts) to base of slope (i.e. calciturbidites, debris flows 
and pelitic sediments) to abyssal (i.e. ribbon cherts and pelitic sediments). 
The Akcatas Unit is represented at the base by > 1 km-thick, shallow 
marine, platform carbonates (Fig. 7. 17). Towards the top, pelitic sediments 
alternating with limestones are interpreted to record subsidence of the 
platform. The upper part of the succession is represented by pelitic-
psammitic sediment alternations of mainly turbiditic origin, with limestone 
olistholiths and carbonate debris flows. Detached blocks of limestones are 
associated with debris flows and are thus interpreted as sedimentary 
olistoliths, rather than tectonic blocks. This succession records the collapse of 
the platform, shedding debris and blocks into a flysch basin. The black pelitic 
sediments (> 1000 m) with ophiolitic blocks and calciturbidites are interpreted 





Fig. 7. 17 Schematic interpretation of the Kargi Complex. Akçatas Unit is 
interpreted as platform, whilst the Gumusolugu and Kunduz Units as northern and 
southern passive carbonate margin sequences, respectively. 
U, 
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The Kunduz Unit is interpreted as the southern passive margin of the Permian 
carbonate platform (i.e. the Akcatas Unit, Fig. 7. 17). Occurrence of re-
deposited limestones alternating with metabasites and volcaniclastics indicate 
that platform carbonate deposition and basic volcanism occurred 
contemporanously. The volcaniclastics and calciturbidites were probably 
originated from the rift shoulders, while volcanism continuing at the rift 
centre, which was deep enough to allow ribbon chert deposition, i.e. below CCD. 
7.8 Geochemistry of the metabasites 
A total of 34 samples were analysed for major- and trace-elements by X-
ray fluorescence and these are given in Appendix 1. Twelve of these samples 
are from the GumUolugu Unit metabasites, 16 are massive and pillow lavas of 
the Kunduz Unit and the rest are from cross-cutting diabase dykes. These are 
probably Neotethyan, based on their less deformed state and non-
metamorphic nature. Despite metamorphism, the Gumusolugu metabasites do 
not show element mobility as indicated from the patterns in spidergrams. 
The GumUsolugu metabasites are variably fractionated. The Ti02 versus 
P205 diagram suggests that these have undergone mainly Ti-
magnetite/ulvospinel, and to some extent olivine and clinopyroxene 
fractionations (Fig. 7. 18a). On the same diagram, it may be seen that the 
Kunduz lavas have undergone fractional crystallisation of olivine and 
clinopyroxenes. An undersaturated nature of the Gumusolugu metabasites, 
and formation from small degrees of melting can be confirmed from both h02 
versus P205  and Zr/Nb versus Ce/Y diagrams (Fig. 7. 18b). The geochemical 
basis for these statements is discussed in Chapter 2. 
Both the GUmUo1ugu and Kunduz lavas plot in similar fields in most 
discrimination diagrams. In the Nb/Y versus Zr/Ti diagram (Winchester and 
Floyd, 1977; Fig. 7. 19a), all the metabasites plot in the alkali basalt field, with 
some in the trachyte, trachyandesite and some in the sub-alkaline basalt 
fields. On the Nb/Y versus Ti/Y diagram (Fig. 7. 19b), all the samples plot in 
the transitional to alkaline basalt and some in the tholeiitic fields (some 
Kunduz lavas). 
In the Zr versus Ti diagram (Pearce, 1980; Fig. 7. 20a), most of the lavas 
plot in the basic MORB and WPB fields, while the trachytic and trachyandesitic 
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Fig. 7. 18 Geochemical plots of the Kargi Complex metabasites; a: Ti02 versus 
P205; b: Zr/Nb versus Ce/Y. See text for explanations. 
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Fig. 7. 20 Geochemical plots of the Kargi Complex metabasites; a: Zr versus 
Ti; b: Zr versus Zr/Y. See text for explanation. 
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metabasites plot in the evolved field. In the Zr versus Zr/Y diagram of Pearce 
(1980, Fig. 7. 20b), the metabasites similarly plot in the MORE and WPB fields. 
The Ti/Y ratios of the Kargi Complex lavas are dominantly > 350, indicating 
within plate to mid-ocean ridge-type eruptive settings. 
Using a Ti02-MnO.10-P205.10 ternary diagram (Mullen, 1983; Fig. 7. 
it is possible to see that the metabasites plot in the OIA (ocean island 
alkaline) and OIl (ocean island tholeiite) fields, and a few in the MORB field. 
Similarly in a Ti/100-Zr-Y.3 ternary diagram (Pearce and Cann, 1973; Fig. 7. 
they plot mainly in the WPB (within-plate basalt) field and in the 2Nb-
Zr/4-Y diagram (Meschede, 1986; Fig. 7. 21c), the metabasites plot in the WPA 
(within-plate alkaline), WPT (within-plate tholeiite) and P-MORE (plume-
MORE) fields. 
In multi-element spidergrams (Fig. 7. 22a, b), the majority of the lavas 
show a humped pattern, similar to the modern day within-plate basalts (both 
intracontinental and intraoceanic hot spot related). Left hand side of the 
patterns (the LIL elements, Sr, K, Rb, Ba) in the Kunduz lavas are variable, 
indicating element mobility. 
In the Zr/Y versus Ce/Y (Fig. 7. 23a) and Zr/Nb versus Y/Nb diagrams 
(Fig. 7. 23b), the Kunduz lavas differ from the Gumusolugu lavas only in 
having relative lower values of the elemental ratios. This may be explained 
by the fact that the Gumusolugu lavas are more undersatutated (see above). A 
smaller degree of partial melting from a greater depth is suggested for the 
GUmUoluu lavas compare to the Kunduz lavas and this is reflected in the 
Zr/Nb versus Ce/Y diagram (Fig. 7. 23a). 
In the MORB-normalised spidergrams, steepness of the patterns reflects 
the degree of partial melting, since the elements used in such diagrams are 
generally considered incompatible during the early stages of fractional 
crystallisation of basaltic magmas (i.e. effectively the La/Y ratio; Latin, 1990; 
see Chapter 2). On this basis, the Gumuolugu lavas reflect a smaller degree of 
melting compared to the Kunduz lavas. Very low abundences of Y in MORE - 
normalised patterns of the GumUolugu lavas suggest that the melts were in 
equilibrium with garnet, which is a sink for HREEs (Latin, 1990). Higher Y 
values in some of the Kunduz lavas on these diagrams suggest that melting 
occured at relatively shallow depths, within the spinel stability field (Latin, 
Ti/i 00 
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Fig. 7. 21 Geochemical plots of the Kargi Complex metabasites; a: 2Nb-Zr/4-Y; 
b: Ti/lOO-Zr-3Y; C: Ti02-lOMnO-10P205. See text for explanation. 
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1990). Overall, the source is similar to that of average OlE and therefore 
would have a garnet lherzolite composition. 
In the Y versus La/Nb diagram (Fig. 7. 24), which discriminates back-arc 
basin lavas, the majority of the Kargi Complex lavas plot in the T+E MORE field, 
with a few in the N-MORE field. Only one sample plots in the BABB field. This 
opposes the possibility of a back-arc genesis of both the Kunduz and 
Gumusolugu lavas, as in earlier interpretations (TUysUz, 1990; Yilmaz and 
TUysUz, 1991). 
7.8.1 Interpretation 
The Kargi Complex metabasites thus consist of within-plate type alkaline 
lavas. The question then arises as to whether the metabasites were erupted in 
rift or intra-oceanic (hot spot) related setting. Although, lavas of both settings 
are clearly very similar, Thompson et al. (1982) used Lan/Nbn ratio (elements 
normalised to primordial mantle abundences) to show differences between 
these two eruptive tectonic settings. The ratio in continental intraplate basalts 
ranges from 1 to 5.5, average of 1.2. Ocean island basalts, on the other hand, 
have a limited range between 0.2-1.2, with an average of 0.6-0.7 (Fig. 7. 25). 
The Kargi metabasites exhibit a limited range of Lan/Nbn ratio between 0.2 to 
0.75, thus suggesting an intra-oceanic eruptive tectonic setting, rather than an 
intra-continental eruptive tectonic setting (i.e. stretched continental crust; Fig. 
7.24). 
Furthermore, comparisons can be made with the characteristic element 
ratios of intracontinental rift settings such as the North Sea (Latin, 1990). The 
metabasites contrast with the North Sea lavas when plotted on the Zr/Y versus 
Ce/Y diagram, as well as the Zr/Nb versus Ce/Y diagrams (Fig. 7. 26). 
The metabasites do not show any relative Nb depletion on spidergrams 
associated with the light rare-earth-element enrichment, characteristic of 
supra-subduction zone magmatism. For example, similar lavas on Deception 
island in Branstfield Strait have a subduction component, although they are 
enriched in most incompatible elements. 
In summary, the geochemistry of the Kargi Complex metabasites suggest 
a P-MOR to within-plate type eruptive setting, away from a dominant 
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Fig. 7. 24 Y versus La/Nb discrimination diagram of the Kargi Complex lavas. 
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La/Nb 
Fig. 7. 25 La/Nb frequency diagram of a: lAB (island arc basalts-CFB 
(continental flood basalts)-01B (ocean island basalts; after Thompson et al., 1983); 
b: Kargi Complex metabasites. 
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Fig. 7. 26 Comparison of the Kargi Complex metabasites with those of North 
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be made in the light of other geological evidence. Combined with other 
geological data, discussed in this thesis, the lavas are interpreted as being 
erupted during the final stages of continental rifting of the Permian carbonate 
platform from Gondwana. 
7.9 Discussion 
The Kargi Complex comprises three structurally assembled tectonic units. 
The middle unit (the Kargi Unit) is interpreted as a carbonate platform and the 
northern and southern units as the passive margin sequences of this platform. 
The structural order of more distal facies in the structurally upper sheets is 
consistent with piggy-back thrusting. 
The basement of the carbonate platform is not exposed: it could be 
continental, or of volcanic origin. However, the occurrence of quartz-rich 
meta-conglomerates at the observed base of the platform succession rules out 
an intra-oceanic seamount origin. Therefore, the Kargi Complex is believed to 
represents a sliver of a north Gondwana margin, that rifted in Late Palaeozoic 
time. 
After initial rifting, the carbonate platform sliver drifted across the 
Tethys. In Late Permian-Earliest Triassic time, the carbonate platform collided 
with a trench, located along the southern margin of the Eurasian plate. The 
northern passive marginal sediments (limestones, cherts) were detached 
together with basement (i.e. metabasites) and accreted. The carbonate 
platform was then thrust into the trench and collapsed under the thrust load 
to form a foredeep. Limestone olistoliths, carbonate debris flows and 
calciturbidites were shed from the disintegrated platform into the foreland 
basin. Ophiolitic blocks were possibly also shed into the fore-deep from the 
accretionary complex. Finally, the southern passive margin of the platform 
entered the trench and was thrust imbricated. 
7. 10 Comparisons 
The best example of transition from platform-type sedimentation to 
foreland basin formation is the Oman margin. The tectono-stratigraphic 
evolution of the two are very similar, although the Kargi passive margin is of 
smaller scale. In Oman, after the Late Palaeozoic and Triassic rifting, a mature 
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passive margin was established during Jurassic and Early Cretaceous (Glennie 
et al., 1974). The Hajar Supergroup, a Bahama-type carbonate platform was 
established on continental basement. During rifting, seamounts and 
continental slivers, located near the edge of the ocean basin were capped by 
carbonates of Permian and Triassic age ('Oman exotics'; Glennie et al., 1974; 
Robertson, 1986; 1987) and later incorporated into the melange (Haybi 
Complex). Shelf edge sediments are represented by the Sumeini Group. These 
passed oceanwards onto the continental rise (Hamrat Duru Group) and then 
into abyssal sediments (Hawasina Complex). In the early Upper Cretaceous, 
northeastward intra-oceanic subduction resulted in the formation of the 
supra-subduction zone Semail ophiolite (Lippard et al., 1986). Finally, the 
Oman margin collided with the trench and the Semail ophiolite was emplaced. 
During this emplacement, the continental margin sediments were telescoped so 
that more distal units (Hawasina Complex) now occur in structurally higher 
levels, while the more proximal units (Sumeini Group) occur at structurally 
lower levels (Caw1d, 199 1). The Hayoi Complex is made up of volcanic rock 
and reefal limestones, mélanges and a metamorphic sheet, occurring 
structurally above the Hawasina Complex. The highest tectonic slice is the 
Semail ophiolite. 
This structural order is very similar to that of the southern Central 
Pontides, in which the Elekdag Ophiolite occurs in the structurally highest 
position. Beneath is the sub duction-accretion complex, made up of ophiolitic 
mélange and intersliced lavas and sediments, structurally underlain by 
intersliced deep-sea sediments, with a metabasic basement (the Gum(isolugu 
Unit). The structurally lowest sheet is the carbonate platform. Each of these 
tectono-stratigraphic units are internally imbricated. The Gumusolugu Unit is 
divisible into a series of discrete thrust bounded carbonate passive marginal 
assemblages, similar to the Hawasina Complex of Oman. 
Comparisons can also be made with the Early Tertiary Apulian margin, 
adjacent to the Pindos basin (Jones and Robertson, 1991). Following initiation 
of an east-dipping subduction, and the collision of trench with the margin, a 
thrust stack of abyssal plain to slope sediments was emplaced over the 
collapsed platform, developing a foredeep succession beneath (i.e. the Pindos 
Flysch). The thrust stack again comprises deeper, more distal facies at the top, 
and shallower, more proximal f acies at the base (Degnan, 1992). 
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7.11 Summary 
The Kargi Complex represents a Gondwana-derived sliver preserved in a 
Late Palaeozoic-Early Mesozoic sub duction-accretion complex. 
Geochemistry of the metabasites associated with the passive marginal 
sequences do not show any subduction influence. This is inconsistent with 
earlier models, involving a back-arc basin opening above a southward 
subducting Palaeotethys. 
The tectono-stratigraphy of the Kargi Complex records the transition 
from a carbonate platform-type sedimentation to a foredeep, associated with 
collision of a seamount with a trench. During this collision, the northern 
passive marginal sequences were accreted in a piggy-back fashion at the toe of 
the accretionary complex. The platform subsided when the advancing thrust 
stack overrode the platform edge. A foredeep then formed, filled by detritus 
derived both from the downwarped platform and from the accretionary 
complex. The foredeep succession was later overridden by the advancing 
thrust stack, and internally imbricated. An ocean basin still remained open to 
the south, and is represented by the Neotethys". 
CHAPTER 8 
ECONOMIC GEOLOGY: GENESIS OF MASSIVE 
SULPHIDES IN THE KURE OPHIOLITE 
8. 1 Introduction 
Both disseminated and lens-shaped massive, cupriferous pyrite deposits 
occur in the KUre area, associated with the extrusive sequences of the KUre 
Ophiolite. The ores are located along the lava-sediment contact. The adjacent 
sediments are mainly black shales, which are unmineralised. The contact 
between the massive sulphide-bearing lavas and the associated sediments are 
high-angle faults, which generally trend N-S, roughly parallel to the trends of 
sheeted dykes within the adjacent ophiolite sequence. The ore-bodies are 
mainly composed of pyrite (FeS2), chalcopyrite (CuFeS2), bornite (Cu5FeS4), 
covellite (CuS), famatinite-enargite (Cu3AsSbS4), tennantite 
((Cu,Fe)12A54S13), marcasite (FeS2), sphalerite (Zn, Fe)S digenite (Cu2S), and 
gold. Occurrences of carrollite (Cu(Co,NO2S4, idaite (Cu5FeS6) and galena (PbS) 
are also reported (GUner, 1980). 
The KUre massive sulphide deposits have been mined in two areas (Plate 
8. 1). The Asiköy ore (open pit) has an average 3 % Cu, while the Bakibaba ore 
body (deep mine) has 6 S Cu (GOner, 1980). Reserves of these ore bodies are 
12 million tons in Asikoy and 1.5 million tons in the Bakibaba mine area 
(cagatay etal., 1980). 
The initial funding for this project was to investigate the origin of the 
massive sulphides in the KUre area. The mineralogy of the KUre massive 
sulphides was studied by GUner (1980) and cagatay et al. (1980), based on 
polished section examinations under the microscope. Therefore, during this 
study, a microprobe study was carried out, for the first time, on 6 samples to 
provide chemical analyses of the main sulphide phases of the KUre orebody. 
Occurrences of electrum and famatinite-luzonite in the KUre massive sulphides 
were discovered for the first time during this study. On the basis of these new 
data, a model for the genesis of massive sulphides is proposed. In the 
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8.2 Mire massive sulphides 
82.1 Earlier ideas 
Nikitin (1926) suggested that diorite intrusions (weathered isotropic 
gabbro) were responsible for the mineralization in the Ktlre area. Kovenko 
(1944) favored an origin of metamorphism associated with basaltic volcanism 
and sea floor alteration in the genesis of the ore. GOner (1980) suggested that 
mineralisation post-dated the basaltic extrusions, and was related to the 
extrusion of fluids from deep magmatic bodies, generally far from the final 
location. Here, the massive sulphide deposits are interpreted as being of 
Cyprus-type, precipitated from black smokers in the active spreading center of 
the KUre marginal basin (Chapter 2). 
8.2.2 Field relations 
The basic structure of sulphide orebodies is as follows: a stockwork at the 
deeper parts, passes upward into disseminated ore and then into massive 
sulphide at the top (e.g. Constantinou, 1977, 1980). The KUre massive 
sulphides are associated with the uppermost extrusives of the KUre Ophiolite, 
described in Chapter 2. The massive sulphides are located along the contacts 
of lavas and shales, which are mainly high angle, N-S trending tectonic 
contacts (Plate 8.0. The sulphide ore has an elongate shape, with irregular 
margins (GUner, 1980) and always occurs within the lavas. The adjacent 
sediments are unmineralised. The ore is both massive and disseminated and 
is mainly composed of pyrite and chalcopyrite, with minor amounts of other 
sulphides, as described below. A stockwork is observed within the sheeted 
dykes along N-S trending, brecciated fault zones. Related metalliferous 
sediments have not been identified within the KUre Complex. 
Two orebodies are currently been mined. The AsikOy mine is an open 
pit, with an average grade of 3 S Cu and the Bakibaba mine is an underground 
mine with an average grade of 6 S Cu. 
The Asaköy and Bakibaba ores are in different ophiolite slices (Fig. 8. 1). 
In the Asiköy open pit, massive sulphides occur as tectonic slices, or blocks 
within a sheared black shale, together with preserved (adjacent) host lavas 
(Fig. 8. 2). The blocks are lens-shaped and are several tens of metres long and 
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Fig. 8. 1 Simplified geological map of the Asiköy-Bakibaba mine areas. 
Toykunduk T. 
SW 3 	 V 	 NE 




I 	 I 
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wide. The orebody. located at the northern wall of the open pit, is dyke-like, 
50-60 cm-wide, 3 metres-long (i.e. observable length), vertical and made up of 
pyrhe, chalcopyrite and bornite. Adjacent to the ore, there are lens-shaped 
bodies of, intensely chioritised lava breccia and tuff. The orebody at the 
lowest levels of the open pit (currently being mined) belongs to another 
tectonic slice and is larger (4 rn-wide). Disseminated ore, dominantly made up 
of quartz, pyrite and chlorite, is also exposed adjacent to massive sulphide 
along a normal fault. Malachite is present as thin films, covering the contacts 
between the sulphide ore and adjacent lavas and sediments, and also occurs 
along fault planes. 
One of the well-documented features of massive sulphides is associated 
alteration phenomena (Edwards and Atkinson, 1986). In the KUre mining 
area, the wall rocks (lavas) show intense alteration. The main types of 
alteration are silicification, calcitisation, brecciation and uralitisation (GOner, 
1980). These alteration zones form small lenses and zones close to the ore 
body. 
8.2.3 Sulphide mineralogy 
Only the major phases of sulphides were analysed by microprobe. The 
main characteristics of these phases are as follows: 
Pyrite (FeS.ZL This is the dominant sulphide mineral. Brecciated, 
colloform and framboidal textures dominate. The pyrite occur as euhedral to 
anhedral crystals (Plate 8. 2). Chalcopyrite fills fractures, which are 
dominantly radial, within the pyrite crystals and also occur as a matrix, 
cementing other pyrite crystals. Colloform bands are made up of alternations 
of sphalerite, pyrite and chalcopyrite (GOner, 1980). 
Pyrite is close to its ideal formula (FeO.33S0.66). Fe content is 46 S and S 
is 52-53 5. Cu is generally low, but some anhedral pyrite crystals contain > 1 
S Cu (up to 5 %), in the crystal margins. All trace-elements are low in 
concentration. Ag abundence is up to 0.13 5, generally higher in the margins 
of individual crystals. Sb content varies up to 0.73 5, while Co is up to 0.6 5. 
Co is richer in the cores, as is Ni, whose abundence reaching 0.25 5. As and Zn, 
similarly are low in abundance (up to 0.38 5 and 0.05 5, respectively). 
271 
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ChalcoDyrite (CuFeSZI : This is the second main phase, filling 
fractures in pyrite grains. In places, bornite and covelliite replace chalcopyrite 
as fracture fills (Plate 8. 2). The contacts of chalcopyrite with pyrite and 
bornite are irregular in detail. 
The formula of the chalcopyrite is CuO.25FeO.26S0.50 , close to the ideal 
composition. The Cu content of chalcopyrite crystals varies between 33-35 
34 % being typical. S is in the range of 33-36 % and Fe between 28-32 S. 
Trace-elements are very low in general. 
Bornite (CuEj1: Bornite is seen as fracture and vein fills (Plate 8. 
2). It sometimes replaces chalcopyrite in small fractures, while in wider veins, 
bornite forms the innermost filling with margins consisting of chalcopyrite. 
Such veins have small branching fractures generally perpendicular to the main 
vein orientation. 
Bornite is also close to the ideal formula CuO49FeOl 1S4. The S 
content is in the range of 24-28 5, Fe between 3-14 % and Cu 56-68 5. Of the 
trace-elements, Sb content is up to 0.48 %, while the other elements are very 
low. 
Covellite (CuS) Covellite is seen along the margins of the branching 
fractures in bornite (Plate 8. 2). The contacts with bornite are irregular with 
covellite interpreted as replacing bornite along these small fractures. 
Covellite has a composition of Cu05  1S048 on average, but compositions 
Of CU0 52S0 46. CuQ52SO48 and Cu0 56S0.40  also occur. Cu content of 
covellite is 66 5 and S is in the range of 28-3 1 5. The Fe content is up to 0.6 
S. The trace-element contents are again low in covellite minerals, arotnd 0.03 
5. 
• Famatinite-Luzonite (Cu1 	.jij.35Sb.As)Sj1 This mineral is 
always seen as small, anhedral inclusions in bornite and covellite veins (Plate 
8. 2). 
Famatinite has a variable formula consisting mainly of 
CU0.352n0.07AS0.02Sb0. 1 l0.44. CU0 34Zn O6FeO.O2ASO.O5Sbo.OSSO.44 
CuO.35ZnO.06FeO.OjAs0.02SbO.12SO.44. The Zn content is 7%. The Sb content 
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varies between 12-26 %. The As content is in the range of 2-10 %. The Cu 
content is dominantly 38 S and S is 25 5. 
Electrum : A single anhedral grain of a gold bearing phase was found 
during the microprobe work (Plate 8. 2). This is a Au, Cu, Ag, Fe and S alloy, 
which was also identified in a bornite-covellite vein. 
The formula of this alloy is AuQ 5Ag 24Cu0.Q8FeO.05S0.03. The Au 
content is 76.64 5, Ag is 17 5, Cu is 3.8 5, Fe is 1.9 % and S is 0.77 5. 
Sohalerite ((Zn.Fe)S) : Sphalerite occurs as anhedral crystals, 
associated with chalcopyrite, bornite and covellite. GOner (1980) reported 
occurrences of sphalerite veins in copper-poor zones. Inclusions of pyrite, 
chalcopyrite and bornite are found in sphalerite rich zones (GOner, 1980). 
Djgenite (Cu2j This is seen as thin envelope along the margins of 
fractures and is also associated with covellite (GOner, 1980). Digenite also 
replaces chalcopyrite in the outer margins of massive ore body. 
Marcasite (FeSZI : Marcasite is common, especially at the margins of 
massive sulphides with lavas and sediments. It also occurs in the transition 
zone between disseminated and massive ore. This mineral is lath shaped, 
euhedral to subhedral (GOner, 1980). 
Tennantite ((Cu. Fe)J1AJ.jaj.3..1 : This is present in copper-rich 
zones, together with chalcopyrite, bornite, covellite, sphalerite, carolite and 
galena (GOner, 1980). 
Carrollite (Cu(Co.Ni)7.j1 : Carrollite occurs in bornite-rich ores, as 
idiomorphic to anhedrat crystals in bornite and chalcopyrite. Together with 
chalcopyrite, it forms the matrix in brecciated pyrite crystals (GOner, 1980). 
Idaite (Cu1f1:  Idaite occurs in copper-rich ores, as planar crystals 
and is seen in association with covellite (GOner, 1980). 
Galena (PbS): This is seen in trace amounts in copper-rich zones. 
Together with tennantite, galena occurs as small crystals and is also seen as 
eroded grains in covellite, which GOner (1980) interprets as evidence of 
chemical transportation. 
Plate 8. 2 Scanned images of sulphide phases. a: copper vein. p-pyrite, c-
chalcopyrite, b-bornite, t-tetrahedrite, e-covellite. b: e-electrum, c-chalcopyrite, 
p -, e-covellite, b -bornite. 
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Malachite (CuCO3.Cu(OH)): This occurs as thin,green;films along fractures 
and faults. Malachite is seen to have been generated as an alteration product 
of the primary ore minerals. 
8.2.4 Discussion of mineral chemistry 
Inter-element relations in the Küre massive sulphides suggest that 
pyrite, chalcopyrite and bornite, and to some extent covellite, are genetically 
related. In the S versus Cu diagram (Fig. 8. 3a), pyrite, chalcopyrite and 
bornite show a strong negative linear trend. Covellite is richer in Cu, but 
parallels this trend. Famatinite, on the other hand, shows a strong positive 
trend. In the Fe versus S diagram (Fig. 8. 3b), there is a strong positive trend 
of pyrite, chalcopyrite and bornite, while covellite and famatinite lie outside 
this trend. In the Fe versus Cu diagram (Fig. 8. 4a), there is a similar negative 
correlation between pyrite, chalcopyrite and bornite. In this diagram, covellite 
plot near bornite on thp Iefthand side of the diagram. Famatiñite is off the 
trend. 
When famatinite analyses are plotted on binary diagrams, 5, As and Sb 
are seen to be interrelated. As content increases with an increase in S content, 
while Sb content decreases (Fig. 8. 4b). Au and Ag contents in the electrum 
analysed behave similarly. However, S content decreases as Au content 
increases. 
As described above, the host phase is pyrite in the KUre massive 
sulphides. Chalcopyrite and bornite are seen to fill spaces between individual 
pyrite grains or fractures within the pyrite crystals (Plate 8. 2). Cross-cutting 
veins are also filled with chalcopyrite and bornite. There is no chemical 
variation between the vein-filling chalcopyrite and bornite, and the fracture 
and pore-filling chalcopyrite and bornite. 
ornite appears to be later phase than chalcopyrite, based on textural 
relations. Small chalcopyrite inclusions in bornite are also present. The 
contacts of vein-filling bornite with chalcopyrite are irregular. 
Covellite always occurs as an alteration product of bornite along small 
multi-branched fractures (Plate 8. 2). Covellite follows these fractures and 
replaces bornite. The contact of these two major phases is always irregular, 
suggesting metasomatic replacement. 
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Fig. 8. 3 Geochemical plots of sulphide phases; a: S versus Cu; b: Fe versus S. 
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Fig. 8. 4 a: Fe versus Cu plot of sulphide phases; b: Sb versus As plot of 
tetrahedrite. See text for explanation. 
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Famatinite occurs in close association with bornite and covellite, and is also 
present in chalcopyrites as small inclusions, dispersed within veins. 
Electrum was only seen in one of section, as two small, irregular shaped 
crystals within a bornite vein (Plate 8. 2). It is, thus unclear whether it has 
been transported (as a colloid in a Cu-Fe-S liquid), or represents a late-stage 
product, crystallised in a vein. 
8. 2. 5 Co/Ni ratios of major sulphide phases 
The Co/Ni ratio of sulphide phases, especially that of pyrite, has been 
investigated as an indicator of ore genesis conditions (submarine exhalative, 
magmatic or sedimentary origins) and has been reviewed by Kaneda et at., 
(1986). The following classification was proposed: 
Hydrothermal pyrite generally contains > 400 ppm Co and a Co/Ni 
ratio >1. Sedimentary pyrite, on the other hand, has < 100 ppm Co and a Co/Ni 
ratio <1 (Carstens, 1941). 
Pyrite of volcanic origin associated with lead and zinc mineralisation 
has low concentrations of Ni, very low concentrations of Co (< 10 ppm) and 
Co/Ni ratios < 1. Cobalt from pyrite associated with Cu-rich mineralisation is 
higher than in Pb-Zn rich massive sulphide deposits (Loftus-Hills and Solomon, 
1967). 
Pyrite from massive sulphides of volcanic origin are characterised by 
Co/Ni ratios between 5 and 50 (with an average of 8.7; Price, 1972). 
Pyrites associated with volcanic-hosted deposits are characterised by 
Co/Ni ratios > 5 and commonly> 10 (Bralia et al., 1979). 
Co/Ni ratios of the pyrite, chalcopyrite, bornite, covellite and tetrahedrite 
of the KUre massive sulphide deposits are presented in Figs. 8. 5a, b, c and d. 
Cobalt content of pyrite varies between 125 and 6000 ppm but dominantly is 
between 400 and 1000 ppm. Ni is in the range of 25-2500 ppm but occurs in 
a close range between 100 and 500 ppm. On average, the Co/Ni ratio of the 
pyrite is between 1 and 10 (Fig. 8. 5a). 
The Co/ Ni ratio of chalcopyrite of the KUre ore is slightly lower than 
that of pyrite on average (Fig. 8. 5b). Co content varies in a close range 
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Fig. 8. 6 Ni versus Co plot of a: bornite; b: tetrahedrite and covellite. 
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between 100 and 800 ppm (in comparison to that of pyrite). whilst Ni content 
is in the range 25 to 700 ppm. 
Co/Ni ratio of bornite is between 0.3 and 5, but on average is 0.8 (Fig. 8. 
50. Co content of bornite is lower than that of both pyrite and chalcopyrite 
(100-600 ppm). This indicates that Co preferably incorporates to pyrite and 
chalcopyrite minerals. 
Co and Ni contents of covellite are similar to that of bornite (Fig. 8. 5d). 
The Co/Ni ratio of tetrahedrite, on the other hand, is close to unity. 
8.2.5 Disseminated sulphides 
The disseminated ore is essentially composed of pyrite and iron oxides 
and occurs in basaltic volcanics. Chalcopyrite is locally present in small 
amounts. Iron oxides are specularite and magnetite (GOner, 1980). All these 
minerals are set in a matrix of quartz, chlorite and clay minerals (kaolinite). 
8.2.6 Gossan 
There is a limonitic gossan in the Bakibaba area covering a large area 
extending to KUre town. These deposits are red-reddish brown and are 
brecciated. Limonitic alteration is also seen in the uppermost lavas along 
high-angle faults in Bakibaba Tepe. The thickness of the gossan is reported to 
be up to 120 m (GOner, 1980). 
8.3 Discussion 
the 
Based on tectonic setting and'associated volcanic pile, four types of major 
massive sulphide deposits are recognised (Sawkins, 1972, 1976; Hutchinson, 
1980). These are: 
Cu-Zn type massive sulphides (Besshi-type) 
Polymetallic massive sulphides (Kuroko-type) 
Primitive (zinc-copper) massive sulphides 
Cuprifereous pyrite massive sulphides (Cyprus-type) 
Besshi-type massive sulphides are associated with tholeiitic volcanism in 
a fore-arc setting related to the early part of the main calcalkaline stage of 
x 
U!iptr 8: Pfawuw SSdF&dM of dig K4aM Op4ioUte 	
282 
island arc formation (Sawkins 1976). Besshi-type massive sulphides are 
similar to Cyprus-type deposits (Mitchell and Garson, 1981). The Co/Ni ratio 
of the ore is different in this case (1 to 1/30), and is distinctive from the 
Kuroko-type deposits (Kanehira and Tatsumi, 1970; Tatsumi, 1973). 
Kuroko-type massive sulphides are associated with arc, back-arc or 
interarc volcanism. Sulphides are associated with the later stages of island arc 
formation, acidic volcanism and arc splitting processes (Sawkins 1976). 
"Primitive type" massive sulphides are associated with basaltic, to 
rhyodacitic volcanics erupted in a marine island arc setting. Good examples 
are in Late Archaean areas of Canada and Australia, where the deposits 
formed in subsiding troughs, involving tholeiitic to calc-alkaline volcanism 
(Edwards and Atkinson, 1986). 
Cuprifereous pyrite type massive sulphides are associated with ophiolitic 
sequences and are characterized by pyrite and chalcopyrite as major sulphide 
minerals. The type example of stratiform massive sulphides is the sulphide 
ore bodies of the Troodos ophiolite. In the Se mail ophiolite of Oman, the Lasail 
Unit also contains large, economic massive sulphides. 
The Co/Ni ratio of pyrite is ' 1, indicating a hydrothermal, Besshi-type 
origin in the light of the discussions presented above. The massive sulphide 
deposits studied are associated with the KUre ophiolite, which suggest a 
Cyprus-type origin (Sawkins, 1976). The Cyprus-type massive sulphides were 
originally considered as related to hydrothermal processes at the spreading 
centres of major oceans. In that context, the KUre massive sulphides should be 
considered as being Besshi-type, since the KUre ophiolite was formed above a 
subduction zone. 
Counterparts are the massive sulphide deposits of the Troodos ophiolite 
in Cyprus (Constantinou and Govett, 1973), and the Cambro-Ordovician 
ophiolites of Newfoundland (Betts Cove, Tilt Cove; Laznicka, 1985). 
Unfortunately, microprobe analysis of sulphide minerals'rare in the literature 
and therefore, in Fig. 8. 6, main sulphide phases of the KUre massive sulphides 
are compared with only those of the Troodos and Lasail, Bayda and Aarja of 
Oman (Lasail Unit; her et at., 1986), on the basis of S-Cu-Fe contents. Overall, 
the Troodos and KUre sulphides are identical, while the Oman sulphide phases 
are more enriched in Fe and Cu than the KUre deposits. A marked difference 
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Fig. 8, 7 Comparison of major sulphide phases of the KUre ore with those of 
Cyprus (upper) and Oman (lower). See text for explanation. Note that atomic 
abundances are used in upper diagram and weight percents in the lower diagram. 
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is evident in bornite and chalcopyrite analyses of the Oman and KUre deposits. 
The pyrite of the Oman deposits is more enriched in Fe, while that of KUre is 
enriched in S. However, pyrites of both deposits plot close to each other on a 
S-Cu-Fe ternary diagram. This might be related to temperature of 
hydrothermal fluids. Intense chioritization, albitization, calcitization, epidote 
and actinolite formation and uralitization of the KUre ophiolite suggest overall 
greenschist hydrothermal alteration. It is linked to high-intensity ore-forming 
hydrothermal activity, characterized by high-temperature solutions (' 200-
400 °C), anomalously high-thermal gradients, relatively large flow volumes 
(seawater dominated systems) and relatively fast flow rates (Rona, 1984; 
1988). Modern counterparts of the massive sulphide deposits have been 
discovered in several localities along the spreading centres of major oceans 
and back-arc basins (Rona, 1984; Fouquet et al., 1991). 
It is proposed here that Cu-Fe-Zn rich hydrothermal fluids first 
crystallised pyrite in the discharge area at the sea-floor. Shortly afterwards, 
extension and/or later hydrothermal activity resulted in the brecciation and 
fracturing of early formed sulphides. The hydrothermal fluids then became 
enriched in Cu, Sb, As, Zn, which crystallised in veins and fractures. Possibly 
both electrum and famatinite were carried as (? colloid) particles by fluids. 
The later phases (i.e. chalcopyrite and bornite) were crystallised, following a 
decrease in temperature in the upper parts. 
Covellite, as noted above, seems to have originated as an alteration 
product of bornite. This is a common process that occurs at oxidation-
cementation zones, when massive sulphide ore is uplifted and brought close 
enough to the atmospheric environment. In such cases, gossan, whose 
thickness is controlled by the climate, develops at the top of the ore, where 
atmospheric conditions are effective (i.e. the zone from the surfacec down to 
the subsurface water level, over which oxygen is effective). In the oxidation 
zone, primary ore minerals are dissolved by leaching waters and then 
sulphates, oxides, hydroxides, carbonates, phosphates and arsenates form, 
depending on the ore compositions. The sulphates and other compounds are 
then precipitated in the cementation zone by the primary sulphides. For 
example, covellite may form by reaction of copper sulphate with bornite. This 
reaction is as follows: 









Fig. 8. 9 Model of accretion of the sulphide ores at the KUre subduction front. 
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In the cementation zone, such reactions result in enrichment of ores, even if 
the primary ore is uneconomical. 
8.4 Summary 
The KUre massive sulphides are interpreted as Besshi-type, precipitated 
from black smokers in the inferred KUre marginal basin. Detailed mineral 
chemistry analyses of the major phases in the KUre massive sulphides are 
provided for the first time by this study. Occurrences of famatinite-luzonite 
and electrum are also reported for the first time. 
Pyrite is the dominant sulphide mineral. Chalcopyrite, bornite and 
covellite fill the spaces and fractures in and/or between pyrite crystals. 
Covellite appears to replace bornite along small veins. Electrum and 
famatinite-luzonite are present as small, anhedral crystals within veins 
associated with bornite, covellite and chalcopyrite. 
All the major sulphide phases are close to their ideal formulae. Fe, S and 
Cu element variations within these phases suggest that pyrite, chalcopyrite 
and bornite are genetically related. Covellite and famatinite-luzonite lies 
outside the trends. 
Textures of the sulphide ores suggest that first pyrite formed at the 
discharge area, followed by the brecciation and fracturing of early formed 
sulphides. Then hydrothermal fluids became enriched in Cu, Sb, As, Zn and 
crystallised in veins and fractures. 
During collapse and southward subduction of the KUre marginal basin, 
the massive sulphides were accreted as thrust slices and detached blocks, 
associated with the uppermost part of the KUre ophiolite (Fig. 8. 7; Chapter 2). 
CHAPTER 9 
LATE JURASSIC-TERTIARY COVER UNITS 
9.1 Introduction 
The post-Late Jurassic volcano-sedimentary units of the Central Pontides 
reflect deposition associated with active margin processes, related to the 
northward subduction of the Jurassic-Cretaceous Tethys. Although these units 
were largely outside the scope of this work, a certain amount of data was 
collected, and a discussion of the younger history is necessary to entance the 
overall tectonic history of the Central Pontides. In the north, along the Black 
Sea coast, the Karadag Unit is exposed (Figs. 9. 1 and 9. 2). This Unit comprises 
a Late Cretaceous-Tertiary volcano-sedimentary sequence associated with the 
opening of the Black-Sea as a marginal basin (GörUr, 1988). An Upper 
Jurassic-Lower Cretaceous sedimentary succession transgressively overlies the 
northern basement units of the Central Pontides and reflects the initial stages 
of opening of the Black Sea. Further south, the Kastamonu-Boyabat Basin (Figs. 
9. 1 and 9. 2) is made up of Late Cretaceous-Tertiary volcano-sedimentary 
successions that were deposited in a fore-arc basin (Saner, 1980). In the 
south, a Late Cretaceous ophiolite and ophiolitic mélange is imbricated with 
the basement units with associated emplacement structures verging towards 
the south. A third unit exposed in the southernmost areas is the KOsdag Unit 
(Figs. 9. 1 and 9. 2), which dominantly comprises Late Mesozoic basic and 
acidic volcanics, intruded by granites, with minor sediments, and represents 
an oceanic arc sliver (TUysUz, 1990). 
9.2 Late Jurassic-Lower Cretaceous sedimentary cover 
These units are especially well exposed in the northern areas (north of 
the Kastamonu-Boyabat Basin, Fig. 9. 1 and 9. 3). The cover units are 
represented by Late Middle-Upper Jurassic, red, coarse grained clastics of 
fluvial origin at the base, overlain by shallow marine platform carbonates of 
Late Jurassic-Earliest Cretaceous age, in turn passing upward into a flysch 
sequence of Early Cretaceous age (Fig. 9. 4). 
The red basal, coarse grained clastics are matrix-supported polymict 
conglomerates. These basal sediments were termed as the BUrnUk Formation 
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(Ketin and GUrnUs, 1963). The clasts compose mainly granites, green basalts, 
gneisses, quartzites, sandstones and siltstones. The dominant clast type 
reflects the basement lithology, i.e. where granitic intrusions form the 
basement, the clasts are entirely granitic. These poorly sorted conglomerates 
are lenticular in outcrop and up to 300 m thick. Where absent, the overlying 
limestones unconfor m ably overlie the basement. 
The matrix of the conglomerates is composed of sand-sized clastics. The 
clasts are angular, sub-rounded and variable in size (Plate 9. 0.' Up to 40 cm-
long dacite clasts are observed in the Devrekani-KUre road section. The 
conglomerates grade into pebbly sandstones in thick sections. These are thick-
bedded, quartz-rich sandstones, with cross-bedding as the dominant 
sedimentary structure. At different localities, there are also brown sandstones 
and siltstones associated with the conglomerate sequence. In the upper part, 
the BUrnUk Formation is represented by siltstones and shales with thin 
limestone interbeds. The limestones gradually increase up section cumulating 
in the development of thick-bedded, massive, fossiliferous neritic limestones, 
termed the Inalti Formation (Ketin and GUrnUs, 1963). 
The age of the BUrnUk Formation is given as late Middle to Upper 
Jurassic based on Protooeneroolis striata, Dermoseris so.. Anchisoirocydina so. 
(Ketin and GUmUs, 1963; Yilznaz, 1980; Aydin et al., 1986; TUysUz, 1990). 
The Inalti Formation is represented by thick-bedded to massive, 
fossiliferous limestones. Where red conglomerates do not exist at the base, 
there are limestone conglomerates with large blocks (up to 50 cm long) of 
basement lithologies. These are interbedded with up to 5 rn-thick micritic 
limestone layers. Then, limestone conglomerates decrease up section and the 
sequence passes into homogeneous, fossiliferous, limestones, widely exposed, 
forming major cliffs in the Central Pontides. The limestones are grey to 
bluish-grey in colour, generally with poorly defined bedding. Dolomitic 
alteration is seen in places. Red-green algae and corals are the dominant 
allochems, although oolithic facies are developed locally, and are regularly 
bedded. The dominant facies is massive limestones, up to 300 m thick. In the 
upper part, the Inalti Formation is represented by thin-bedded limestones, 
with a gradual upward passage from the massive, to thin-bedded facies 
observable. This thin-bedded facies contains thin horizons of beige marts and 
shales. Then, the sequence passes into a carbonate-rich shale sequence, 
Plate 9. 1 a: Late Jurassic basal conglomerates (BUrnUk Formation). Note 
hammer for scale; b: Early Cretaceous flysch (caglayan Formation); c-d: Slump 
folds in the Karadag Unit. 
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alternating with thin layers of calciturbidites at the base and turbiditic 
sandstones above. This sequence is called the çaglayan Formation (Ketin and 
GUmUs, 1963). 
Trocholina aloina LEUPOLD, Calpionella aloina LORENZ and Nautiloculing 
oolithica assign a Late Jurassic-Early Cretaceous age to the Inalti Formation 
(TUysUz, 1985; Aydin etal. 1986). 
The Caglayan Formation is made up of turbiditic sandstone-shale 
alternations, with blocks of limestones and debris flows in the upper parts. 
The unit is very similar to the KUre Complex in some localities in terms of 
lithology. Near the KUre town, the unit starts with thin-bedded calciturbidites, 
alternating with beige marls. Further up, there are quartzo-feldspathic 
sandstones of turbiditic origin with thin dark brown, greenish- brown shale 
interbeds. Up to 1 m-thick debris flow horizons, rich in limestone clasts, occur 
in the upper parts. Bi,s of limestones, a few hundred metres across and 
blocks of red conglomerates are also observed and are most likely derived 
from the basal part of the sequence. Turbiditic facies of the Caglayan 
Formation are rich in sedimentary structures compared to the rather similar 
KUre Complex sandstones (Chapter 3). Flute and groove casts and load 
structures are widely seen at the base of individual beds. Complete Bouma 
sequences are observed, but Ta-Tb-Te and Td-Te beds are the most common. 
Both fining- and coarsening-upward sequences are found within the flysch 
sequence. 
Lenticulina munsteri ROEM, Nannaconus colomii LAPP, Coccolithus 
bernose BLACK and Eoistomina sp. indicate an Albian age for this sequence 
(TIlysUz, 1990). 
9.2.1 Interpretation 
After the closure of KUre marginal basin, a new transgression occutd in 
Late Jurassic and a carbonate platform was established. Towards the end of 
the Late Jurassic, extension resulted in block faulting of this platform. North 
facing half grabens formed and were filled by turbiditic sediments, debris 
flows, and limestone blocks derived from both the carbonate platform and the 
basement. This is interpreted as the initial stages of opening of the Black Sea 
(AG. Robinson, C. Banks and S. Hall, personal comm un., 1992) 
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9.3 The Karadag Unit 
This unit is exposed to the north of the area studied, along the Black Sea 
coast (Fig. 9. 1, 9. 3). The unit unconformably overlies the deformed KUre 
Complex flysch and, locally conformably, the Lower Cretaceous flysch (i.e. the 
caglayan Formation). 
At its stratigraphic base, there are red micritic pelagic limestones 
(Kapanbogazi Formation) directly above the KOre flysch. These are thin-to-
medium bedded limestones, alternating with thin (up to 1 cm thick) shale-
marl interbeds (Fig. 9. 5). Bedding surfaces are planar and laterally 
continuous. Upwards, these alternate with green tuffs, in places exceeding 1 rn 
in thickness. Large north-verging slump folds characterize this part of the 
succession (Plate 9. 1). Fossil findings (Globotruncana helvetica BOLLI, 
Globotruncana laDnarenti BOLLI, Globotruncana b ulloides VOGLER, 
PraeQlobhotruncana sp.) indicate a Cenonianian-Turonian age for the lower 
part of the Karadag Unit (Aydin et al., 1986; TUysUz, 1990). A stratigraphic 
contact to brown sandstone-shale alternations is seen above this level. The 
sandstones are medium-bedded, with up to 10 cm-thick shaly partings. 
Upwards, red, thin-bedded pelagic limestones alternate with shales and 
volcanogenic sediments. Then, volcanic debris flow deposits, volcaniclastic 
sandstones, columnar-jointed lavas and sills are seen. The age of this 
sequence, termed the Yemislicay Formation, is Coniacian-Campanian, based on 
pelagic foraminifers, such as Globotruncana concovata BROTZEN, Globotruncang 
coronata BOLLI, Globotruncana arca CUSHMAN, Globotruncana renzi GADOLFI 
(Aydin et al, 1986). Following these, there are grey-green marls and shales, 
alternating with turbiditic sandstones and thin limestones with north-verging 
slump folds (Plate 9. 1). The age of this (non-volcanogenic) sequence (GUrsökU 
Formation) is Campanian-early Maastrichtian, based on pelagic foraminifera, 
e.g. Globotruncana ventricos a WHITE, Globotruncana fornicata PLUMBER, 
Pithonella sp., Marsenolla sp. (Aydin et al., 1986). Further up, there are white-
grey marls alternating with dominantly thin horizons of calciturbidites and 
turbiditic sandstones. A Late Cretaceous-Early Palaeocene age is assigned to 
this formation (Akveren Formation), based on Globotruncana stuarti 
DALAPPARENT, Orbitoides medius dARCHIAC, Globorotalia corn ressa 
PLUMMER, Globorotalia trinidadensis BOLLI (Aydin et al., 1986). Red coloured 
marl-calciturbidite alternations with thin turbiditic sandstones occur in the 
295 
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Fig. 9. 5 Composite column section of the Karadag Unit. 
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Plate 9. 2. Kastamonu-Boyabat Basin. a Red pelagic limestones (Late 
Cretaceous) overlying chalks, in Derekay area. b: Thalassinoides at the top of 
bedding surface in Late Cretaceous pelagic limestone., C: Lahar breccia,, d: Pliocene continental sediments. 
	
1- 	 •.•- •'; :. 
A 
:- .. 	
•• 	 - 	. . 
- 
_11- 	
-- - ---- _.•_ .- . . 4 .1 
: 	 , 
 
4 















.• 	 9' 
- 
4 	
-. 1.1'  
i_ a 	• 	
. :1 	
I'.. 
,- j•, • 8 	 - 	
- . I •.•. 	. 
; 	 ,4. .• -- 
-S 
r 
Uptr 9: Cover Unl2s 	
298 
upper part (Atbasi Formation). Globorotlia oseudomenardi BOLLI, 
Globorotalia aeaua CUSHMAN and RENZ, Globorotalia rex MARTIN give a Mid-
Palaeocene-Early Eocene age to the uppermost formation of the Karadag Unit 
(Aydin et a!, 1986). 
9.3.1 Interpretation 
Extension and collapse of the N Pontide margin reached a maxima in 
Late Cretaceous time. Deep-water sediments accumulated in the depocentres 
of subsided half-grabens, associated with intrusion of sills and extrusion of 
lava flows. Extension resulted in destabilisation, giving rise to large-scale 
slumping of previously deposited deep-water sediments have taken place. 
In summary, the Karadag Unit is interpreted as an Upper Cretaceous-
Eocene back-arc basin. Extensional sills and north-verging slumps characterize 
opening of this basin, as the "Black Sea marginal basin' in the Late Cretaceous 
(Gor(Jr, 1988). The volanogenic material was derived from a well developed 
ensialic arc, exposed to the southeast, along the east Black Sea coast. 
9.4 The Kastamonu-Boysba& Basin 
The Kastamonu-Boyabat basin is located in the middle of the study area 
and forms a roughly E-W trending belt (Fig. 9. 1 and 9. 3). The basin contains 
a Late Cretaceous-Oligocene volcano-sedimentary sequence, which is 
interpreted as a fore-arc basin (Saner, 1980; TUysUz, 1990). The basin has an 
asymmetrical structure, with the northern limb being vertical and locally 
overturned towards south, whilst the southern limb is relatively flat, dipping 
northward with a low angle. The succession commences with Palaeocene to 
Lower Eocene rocks at the southern limb, following a hiatus (Fig. 9. 2). 
The Early Cretaceous flysch sequence is unconformably overlain by Late 
Cretaceous red pelagic limestones. Along the contact, there is a thin (up to 1 m 
thick) grey to white coloured conglomerate and medium-bedded, coarse, 
sandstones. The red limestones are rather similar to the lowermost formation 
of the Karadag Unit, in terms of lithology, except that there are no 
volcanogenic intercalations in these limestones. 
Upwards, condensed red coloured pelagic limestones (i.e. Ammonitico 
Rosso facies) are seen, with thin shale interbeds, followed by deposition of 
tiptr 9: CVVW Unas 
silty limestones. Bedding surfaces exhibit trace fossils (e.g. Thalassinoides. 
Plate 9. 2). 
Further up section, volcanogenic sedimentation follows, comprising 
volcaniclastic sandstones, occasional channellized debris flows (in which the 
clasts are subrounded to rounded), volcanics and tuffs. Slump folds in this 
section verge S. towards the basin axis. There are also red-green shales. 
Associated with the volcanogenic sequence, there are columnar-jointed 
lavas and lahar-type breccias, which contain up to 1 m-thick hornblende-
bearing andesitic blocks, well developed in the Akseki area. These 
volcanogenic deposits are overlain by sub-vertical bioclastic limestones, with 
rhodolites. Further up, are turbiditic sandstones. Palaeocene and Eocene units 
are represented by Nummulites and Alveoline sp. bearing shallow marine 
limestones and shales. Oligocene fluvial sediments then fill the basin. 
9.4.1 Interpretation 
The KastamonuBcya*at  Basin was previously interpreted as a forearc 
basin located on an Upper Cretaceous-Early Tertiary subduction-accretion 
complex (Saner, 1980; Yilmaz and TUysUz, 1988, 1991; TUys(lz, 1990). 
However, firstly, the basement is the Late Palaeozoic-Early Mesozoic Cangaldag 
Complex and secondly, a Late Mesozoic volcanic arc is not developed to the 
north of the Kastamonu-Boyabat Basin in the study area. There are Late 
Cretaceous lavas and volcaniclastic sediments in the Karadag Unit (see above) 
but they are thin (a few metres thick), and seen to be interbedded with deep-
water sediments. A thick arc-type volcanic pile, as in Eastern Pontides, is 
missing. This could be a result of erosion of the volcanics or continuation of 
the E Pontide arc into the Black Sea. Erosion of the volcanic pile is unlikely 
because Late Cretaceous-Eocene shallow-water sediments are preserved, free 
of volcanics. If the E Pontide arc continues into the Black Sea, the Karadag Unit 
should be interpreted as a fore-arc basin rather than a back-arc. 
Alternatively, the Pontide margin was an oblique margin in the Central 
Pontides, such that strike-slip displacement exceeded subduction and, 
therefore a volcanic gap formed between the E and W Pontides. 
A new interpretation of the origin of the Kastamonu-Boyabat Basin is 
suggested here. The extension of the Pontides resulted in the formation of half 
299 
Plate 9. 3 Neotethyan Units. a: Late Cretaceous unconformity surface. To 
the left is Late Cretaceous glob otruncana-bearing pelagic limestones sits on top of 
Permian limestones. Along the contact, are bauxite deposits. b: Above the pelagic 
limestones, is a highly sheared flysch sequence. c: the flysch is then overlain by 
ophiolitic melange, which is imbricated with the basement. d: General view from 
the Kizilirmak valley, along which North Anatolian Transform Fault is located, 
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grabens (see above). It is proposed that one of these grabens was the 
Kastamonu-Boyabat Basin. Its asymmetric structure may well have been 
inherited from the earlier half-graben geometry (south-facing half graben) 
rather than being the result of (syn-sedimentary) folding (cf. Yilmaz and 
TUysUz, 1988, 1991; TUysUz, 1990). The development of this basin is very 
similar to that of the Karadag Unit. Rapid subsidence, deep-water sediment 
accumulation and slumping took place in the Late Cretaceous, in this case, 
southward towards the basin axis. The difference with the Karadag Unit is 
the occurrence of thick sequence of volcaniclastic sediments in the Kastamonu-
Boyabat Basin, interpreted as a deep water fan delta. The volcaniclastics were 
probably derived from the E Pontide arc. After this period, further extension 
migrated possibly northward, leading to the opening of the Black Sea while the 
Kastamonu-Boyabat Basin did not experience any further extension and 
instead shallowed and filled with sediments. 
In summary, the Kastamonu-Boyabat Basin is not developed above a 
Late Cretaceous-Early Tertiary sub d uction- accretion complex as a constructed 
basin. Its origin relates to Late Jurassic-Lower Cretaceous extension, creating 
half-grabens. One of these was the Kastatnonu-Boyabat Basin, the site of a 
later fore-arc basin position. 
9.5 Late Cretaceous dismembered ophiolite and ophiolitic mélange unit 
In the southern part of the study area, to the south of Kastamonu-
Boyabat Basin, un-metamorphosed ophiolites and ophiolitic mélanges are 
exposed, mainly as south-dipping units within an Eocene imbricate zone. The 
ophiolite was termed the Kizilirmak Group by TUysUz, 1990, and occurs as an 
east-west trending klippe over basement lithologies (Figs. 9. 1, 9. 2). 
The dismembered ophiol4te is represented by massive serpentinized 
ultramafics (harzburgite), microgabbro, and a sheeted dyke complex, in which 
the dykes trend N-S and dip westwards. Rodingite development is also seen in 
the ultramafics (Fig. 9. 6). Above, there are vesicular pillow lavas, red - 
coloured cherts and shales, with volcaniclastic sandstone interbeds and finally 
pelagic limestones. The ophiolite is internally imbricated with southerly 
vergencing thrust folds (TUysUz, 1985). Based on structural data, this unit was 
emplaced from south-southwest towards the north-northeast. 
I 
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Fig. 9. 6 Composite logs of the Neotethyan ophioliote and ophiolitic mélange. 
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The microfossils, Globotruncana lapoarenti BROTZEN, G. tricarinata QUERAU, Q 
fornicata PLUMMER, found within the pelagic limestones, indicate a 
Cam panian- M aastrichtian age (TUysUz, 1990). 
The ophiolitic mélange, termed the Kirazbasi Mélange is part of the 
"coloured mélange" belt of northern Turkey (Fig. 9. 6). The unit is seen as 
north-dipping thrust wedges within the imbricate zone, in which the southern 
contacts are sedimentary, while the northern contacts are thrusts with 
basement units tectonically above. 
At the base, this unit is represented by thin (< 1 m) pelagic 
Globotruncana and radiolarian-bearing limestones, unconfortnably overlying 
the basement (i.e. the Kargi Group, Plate 9. 3). Above this basal unit, there are 
highly sheared brown to black shales, phacoidal, siliciclastic sandstones and 
debris flow deposits. The upper part of the section is a tectonic mélange, with 
blocks of serpentinite, pillow lava, red shales, cherts and metamorphics 
(derived from the basement). The sizes of these tectonic blocks are variable, 
but locally reach up to several tens of metres in diameter. Volcaniclastic 
sediments are also seen as Tinterbeds in red shales and cherts; these were 
derived from the KOsdag arc (see below). 
A Campanian age is determined for the basal pelagic limestones (TUysUz, 
1990). Palaeocene sediments in the north and Early Eocene sediments in the 
south unconformably overlie this ophiolitic mélange and its basement. This 
limits the age of genesis and emplacement of the mélange as from Campanian 
to Early Eocene (TUysUz, 1990). 
9.5.1 Interpretation 
The Kargi carbonate platform and related units are transgressed by thin 
(up to 1 m thick) Glob otruncana-bearing, Late Cretaceous pelagic limestones, 
which pass into sheared 'flysch', then into ophiolitic coloured mélange. A 
dismembered Neotethyan ophiolite above was thrust from the south. Tectonic 
slices of coloured mélange are also present. 
During the Mesozoic, the earlier (i.e. Palaeotethyan) accretionary terrain 
became the site of carbonate platformal sedimentation, adjacent to Tethyan 
oceanic crust remaining to the south. Northward subduction of this remnant 
(essentially 'Palaeotethyan') ocean possibly started in the Latest Jurassic- 
Plate 9. 4 Close up of Late Creatceous transgression, b: Permian meta-
carbonates, structurally overlain by Late Cretaceous flysch; C: Psammites of the 
Akcatas Unit are thrust over by Neotethyari flysch; d: Neotethyan "coloured 
mélange" is structurally overlain by Permian meta-carbonates. 
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Early Cretaceous, after the final closure of the KUre marginal basin. Later 
Mesozoic subduction was dominantly northward. An oceanic volcanic arc 
(Kosdag arc; TUysUz, 1990) developed above an intra-oceanic subduction zone 
leaving an ocean strand to the north, adjacent to a newly re-established active 
continental margin. Southward closure of this narrow oceanic basin may have 
resulted in rapid subsidence of the margin in Late Cretaceous time, as 
indicated by thin (< 1 in) Globotruncana-bearing pelagic limestones, followed 
by flysch deposition in a foreland basin setting. Neotethyan ophiolites and 
related units (e.g. Kosdag arc; TUysUz, 1990) were then emplaced northward 
onto the south Eurasian continental margin in the Late Cretaceous, followed by 
complete closure of Tethys in the Eocene, when the Kirehir Block collided with 
the active continental margin along the Izmir-Ankara-Erzincan suture. This 
collision caused southward re-imbrication of the previously emplaced Late 
Mesozoic-Early Tertiary ophiolites and ophiolitic mélanges and the underlying 
"Palaeotethyan" units. 
9.6 The Kosdag Unit 
This unit is exposed in the southernmost areas along the North 
Anatolian Transform Fault. The northern contact of the unit is a low-angle 
thrust along which the basement units and the Late Cretaceous ophiolitic 
mélanges were emplaced from the north. The unit comprises north-dipping, 
foliated, basic lavas, tuffs and volcaniclastic sediments, intercalated at the base 
with pelagic limestones and cherts. The pelagic limestones contain an Upper 
Cretaceous fauna (TUysUz, 1990). Above this basal sequence comes a 
dominantly acidic lava pile, with tuff and volcaniclastic sediment 
intercalations. The upper part of the unit is represented by volcaniclastic 
turbidites (TUysUz, 1990). Small granitic intrusions are also reported within 
the unit (Yilmaz and TUysUz, 1988; TUysUz, 1985). The unit is affected by low 
pressure greenschist fades metamorphism at the base; this decreases upwards 
and then disappears (T(JysUz, 1990). 
9.6.1 Interpretation 
The Kosdag Unit is interpreted as an oceanic arc developed in the Late 
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Fig. 9. 7 Plate tectonic evolution of north Tethyan margin in post Late 
Jurassic times. See text for explanation. 
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9.7 Summary 
The Pre-Late Jurassic basement of the Central Pontides experienced 
extensional deformation in Late Jurassic-Early Cretaceous time (Fig. 9. 7). 
North-facing half-grabens formed. Extension continued until the Late 
Cretaceous, leading to the formation of the Black Sea as a back-arc basin. One 
of the half -grabens has survived as the Kastamonu-Boyabat Basin, which filled 
with deep marine and then shallow, to continental sediments. To the south, 
northward subduction of Tethys continued until the Tertiary. An oceanic arc 
was formed to the south of the continental margin in response to Cretaceous 
oceanic subduction. Closure of remaining oceanic areas resulted in regional 
compression. Ophiolites were emplaced from the south, together with 
ophiolitic mélanges, leading to a rapid collapse of the continental margin to 
form a foredeep. The Kosdag arc collided with the margin when remaining 
oceanic lithosphere had been subducted. In the Early Eocene, the Kirsehir 
Block collided with the Pontide margin. This caused southward re-imbrication 
of all units. Finally, in the Miocene, the dextral North Anatolian Transform 
Fault was formed and caused further deformation. 
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CHAPTER 10 
Pre-Late Jurassic Tectonic evolution of the Central Pontides: 
summary and implications for "Palaeotethyan' evolution. 
10. 1 Introduction 
This study aimed to test the different tectonic models proposed for the 
evolution of the north Tethyan margin in the Eastern Mediterranean, already 
described in Chapter 1. Although these models were based on basic geological 
mapping, other essential geological data were missing. Therefore, geochemical, 
structural and sedimentological data were collected during this study for the 
first time, as described in the preceeding Chapters. The data collected have 
led to a new plate tectonic reconstruction of the pre-Late Jurassic north 
Tethyan margin in the Central Pontides. 
The main points regarding the tectonic reconstruction of the study area 
are: 
A near continental margin, an east-west trending oceanic arc (the 
cangaldag Complex) and a continental sliver (the Devrekani Metamorphic Unit) 
separate two oceanic basins, represented by the KUre Complex in the north 
and the Domuzdag-Saraycikdag Complex in the south. 
The Ktlre basin in the north opened in the Latest Palaeozoic-Earliest 
Mesozoic, above a subduction zone, as evidenced by the presence of IAT- to 
MORB-type extrusives and a depleted mantle sequence. The sedimentary fill 
of this basin is terrigenous and lacks true open oceanic sediments. This 
suggests that the basin was quite narrow (a few hundred kilometres). 
Structural features are indicative of southward underthrusting. 
The Domuzdag-Saraycikdag Complex in the south, metamorphosed to 
blueschist facies, contains tectonic slices of oceanic sediments and MORB-type 
extrusives. These features suggest that this basin was larger than the KUre 
basin to the north. Structural features indicate northward underthrusting. 
The Cangaldag oceanic arc has a boninitic-type basement in the south 
and an JAT-type basement in the north. 
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The Elekdag Ophiolite, structurally above the Domuzda-Saraycikda 
Complex, is interpreted as fore-arc lithosphere. 
The Kargi Complex, structurally underlying the Domuzdag-
Saraycikdag Complex, represents a small. accreted carbonate platform, as 
indicated by preserved passive margin sequences both to the north and south. 
The accretion of this carbonate platform to the Domuzdag-Saraycikdag active 
margin apparently occurred in the Latest Permian to Earliest Triassic, around 
the time the KUre Basin started to open. 
The Devrekani Metamorphic Unit is a sliver of the south Eurasian 
margin (basement of the Istanbul Fragment), as suggested by occurrences of 
similar basement rocks in the circum-Black Sea regions. This unit crops out as 
a fault-bounded block in the region and its present location between the KUre 
Complex and the cangaldag Complex may have resulted from strike-slip 
displacement events in post-Late Jurassic time. 
In the model presented here, 'Palaeotethys was located south of the 
Pontides and was subducted northward during the Late Palaeozoic-Early 
Mesozoic, giving rise to a marginal basin within a long-lived south Eurasian 
continental margin. Closure of this marginal basin was followed by 
establishment of a new subduction system to the south of the Pontides, along 
which 'Palaeotethys' started to close. 
At this juncture it is worth recalling that "Palaeotethys' as viewed in this 
thesis is essentially a Palaeozoic ocean that finally closed only in the Late 
Mesozoic-Early Tertiary time along the Izmir-Ankara-Erzincan-Sevan (IAES) 
suture (Fig. 10. 1), in response to dominantly northward subduction. Also, 
"Neotethys" is the collective name for oceanic basins that rifted in the Late 
Palaeozoic-Early Mesozoic along the Gondwana margin and were destroyed in 
Late Mesozoic-Tertiary times, as 'Palaeotethys" continued to close. 
In this chapter, the main findings of this thesis will be summarised and a 
new overall interpretation of the pre-Late Jurassic tectono-stratigraphy of the 
Central Pontides will be given. This, in its turn will need to be tested in the 
future, especially when more detailed radiometric age data are available 
10. 	
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10. 2 Pre-Late Jurassic tectonic units of the Central Pontides 
A number of E-W trending tectonic units, differing in lithology, 
stratigraphy, structure and geochemistry are exposed beneath Late Jurassic-
Tertiary cover units. I now summarise each from north to south (Figs. 10. 2, 
10. 3; Table 10. 0. 
10. 2. 1 Kitre Complex 
The KUre Complex comprises a structurally thickened (>20 kin) wedge of 
thrust-imbricated siliciclastic sediments, interleaved with tectonic slices of a 
dismembered ophiolite. Late Carboniferous-Permian, to Mid-Jurassic fossils 
have been identified (Aydin et al., 1986). However, Late Palaeozoic 
palynomorphs could be entirely reworked from the adjacent "Istanbul 
Fragment' (Yilmaz and Sengor, 1985). A Late Cretaceous-Early Tertiary 
volcano-sedimentary succession is exposed along the Black Sea coast, 
unconformably overlying the KUre Complex. In the west, low-angle thrust 
sheets of the "Istanbul Fragment' are emplaced over the Complex. To the 
south, two units, the Devrekani Metamorphics and the cangaldag Complex are 
in tectonic contact with the KUre Complex. Mid-Jurassic granites and 
associated felsic lavas intrude the KUre Complex and adjacent units to the 
south. Late Jurassic-Lower Cretaceous shallow-marine carbonates, with basal 
continental red conglomerates unconformably overlie the Kfire Complex, 
The dismembered KUre ophiolite (Fig. 10. 4a) is reconstructed as follows: 
serpentinised peridotite at the base is overlain by layered cumulate gabbros, 
exposed immediately south of Küre. The cumulates pass upwards into 
isotropic microgabbro, cut by diabase dykes. The dyke percentage increases 
up the sequence and passes into a true sheeted dyke complex (i.e.l00% dykes). 
The sheeted dykes are stratigraphically overlain by alternations of pillow lava, 
massive lava and lava breccias. Individual intact successions, in the vicinity of 
KUre, range from 100-200 m, while, elsewhere, detached blocks range from a 
few metres to tens-of-metres in size, and are also found within sheared KOre 
Complex sediments. Small volumes of interpillow sediment comprise 
devitrified, chloritised volcanic glass and shale. Pillow lavas are locally 
overlain by lava breccias and devitrified hyaloclastites. Both the lavas and 
lava breccias, in several different slices, are depositionally overlain by shales, 
interpreted as hemi-pelagic sediments (Fig. 10. 4a). In several thrust sheets 
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Fig. 10. 3 Simplified N-S cross section of the Central Pontides, showing the 
main tectonic units, described in this thesis. 
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Fig. 10. 4 Composite column sections of the major tectonic units described in 
this thesis. 
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"Cyprus-type" cupriferous pyrite deposits are found along the lava-sediment 
contact, both as disseminated and massive ores. Adjacent sediments, often 
black shales, are unmineralised. Electrum and famatinite-luzonite are also 
present in the massive sulphides, associated with bornite-chalcopyrite veins. 
'Immobile element geochemistry' of tha lavas indicate both MORB and IAT 
compositions (Chapter 2) and implies a supra-subduction zone eruptive 
setting. The mean Cr/Cr+Al ratio of the chrome spinels in the serpentinised 
peridotite is > 0.60 and is, thus consistent with an above subduction zone 
setting. Pyroxene chemistry of the lavas also confirms the presence of a 
subduction influence (Ustaömer and Robertson, in press a, b). 
Sediments depositionally overlying the KQre ophiolitic lavas are mainly 
shales, alternating with terrigenous sandstones. Volcaniclastic sediments occur 
in local thrust sheets, mainly in the south. Conglomerates, mainly debris flows, 
up to 50 m thick, are intercalated with sandstones and shales, in the vicinity of 
overriding "Palaeozoic of Istanbul" thrust sheets (Istanbul Fragment). 
Petrographic work on the sandstones suggests acidic to intermediate igneous 
and metamorphic source areas, while the geochemistry of the shales suggests 
both mafic and acid igneous provenances (Chapter 2). 
Intense zones of deformation and faulting, up to 10 m thick, commonly 
separate more coherent successions, up to several hundred metres thick. 
Shear zones mainly dip southward. Individual thrust packets are internally 
deformed by small-scale reverse faults, thrust faults and larger duplex. 
structures. Throughout the KUre Complex, small-scale thrust faults indicate 
relative northward overthrusting. 
At the base, ophiolitic thrust slices are marked by south-dipping zones of 
sheared black shales with scaley fabrics. By contrast, the upper contacts of the 
thrust sheets are commonly undeformed sedimentary contacts. Detached lava 
blocks are also locally present in the KQre Complex, surrounded by sheared 
shale. Occasionally, exposed stickensides again indicate mainly northward-
directed movement within these shear zones. North-verging, north-facing 
folds range from tight, asymmetrical, to chevron folds and, more rarely, open 
folds. Most folds are sheared, but coherent folds preferentially occur in more 
sandstone-dominated successions. There is a wide variation in fold axial 
trends, but NW-SE directions dominate. 
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The KUre Complex is interpreted as a Triassic to Early-Mid Jurassic 
subduction accretion complex of southward polarity related to closure of a 
'Palaeotethyan marginal basin (Ustaomer and Robertson, 1990: 1992 a, b, c, d; 
Ustaömer et al.; 1991). As will be discussed below, this is believed to have 
formed above a northward-dipping, Palaeotethyan subduction zone. 
10. 2. 2 Devrekani Metamorphic Unit 
The Devrekani Metamorphic Unit is exposed as a fault-bounded tectonic 
block, sandwiched between the KOre Complex to the north and the Cangaldag 
Complex to the south (Fig. 10. 2, 10. 3). A high-grade metamorphic continental 
assemblage comprises gneisses and amphibolites at the base, transgressively 
overlain by metamorphosed carbonates (Fig. 4b). The Devrekani metamorphic 
unit is intruded by a Mid-Jurassic granite and both this and the metamorphic 
basement are unconformably overlain by Late Jurassic-Early Cretaceous cover 
sediments. Both Precambrian (Yilmaz, 1980) and Lower Palaeozoic ages 
(TUysUz, 1990) were proposed, based on correlations with the Cambrian to 
Silurian sequence of the Palaeozoic of Istanbul (TUysuz, 1990). The unit is 
very similar to the "Precambrian basement of continental units of the 
Rhodope-Pontide belt and the Caucasus, in both lithology and stratigraphy. 
The contact of this unit with the Cangaldag Complex to the south is a 
high-angle fault zone, characterised by thick (up to 50 rn) mylonites in SW-NE 
trending segments, while more N-S trending segments exhibit mainly low-
angle shear zones. Small lens-shaped protrusions of sheared, mylonitised 
serpentinite, with high-angle fabrics are seen along SW-NE trending contacts. 
The base of the low-angle thrust segments is often sharp, but in places, 
includes up to 1 rn-thick shear zones, with wall rock-derived phacoids. The 
high-angle segments are interpreted as strike-slip faults, essentially lateral 
ramps, and the low-angle segments as thrusts. The final emplacement 
direction of the Devrekani sliver was from WSW to ENE. However, two 
different shear events are observed in these zones; the earlier sinistral and 
the later dextral. The contact of the Devrekani Metamorphic unit with the 
KOre Complex to the north is not exposed. 
The Devrekani metamorphic unit is interpreted as a fragment of the 
South Eurasian margin, rifted off to form a crustal sliver within the 
Palaeotethys (Ustaömer and Robertson, 1990). 
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10. 2. 3 4pangald4 Complex 
Further south, the cangaldag Complex is an approximately 10 km-thick, 
imbricated pile of basic and evolved volcanics and volcaniclastics, overlying an 
oceanic basement, made up of sheeted dykes and basic lavas (Figs. 10. 2, 10.3; 
Ustaömer and Robertson, in prep.). The Complex is metamorphosed to 
greenschist facies. The E-W trending, Late Cretaceous-Tertiary Kastamonu-
Boyabat Basin splits the outcrop. Mid Jurassic granites intrude the cangaldag 
Complex In the north and are unconformably overlain by Late Jurassic 
conglomerates passing into neritic carbonates, thus indicating a pre-Mid 
Jurassic age for the cangaldag Complex. 
The basement of the çangaldag Complex comprises an ophiolite, made up 
of a sheeted dyke complex and overlying lava flows (Fig. 10. 4c). Small, high-
level gabbroic intrusions are in places pegmatitic. Epidosite veins are widely 
developed in sheeted dykes. Lava flows are generally massive and foliated. 
Small volumes of deformed pillow tavas are also exposed. The ophiolitic 
basement is overlain by foliated basaltic andesites and andesites, dominating 
the lower part of the sequence, with occasional interbedded tuffs, tuffaceous 
sediments and phyllites. Evolved volcanics, often columnar-jointed, sub aerial 
rhyolites and volcanic-derived conglomerates occur in higher levels. These 
units pass into quartz-veined phyllites, with intercalated lavas and occasional 
recrystallised carbonates (Fig. 10. 40. In the east, the main, evolved volcanic 
sequence is underlain by phyllites, intercalated with lavas and volcaniclastic 
sediments > 5 km thick. In the south, a volcaniclastic-dominated sequence is 
exposed, with limestone blocks and lenses. Immobile trace-element chemistry 
of the basic lavas in the cangaldag Complex indicates a subduction-related 
eruptive tectonic setting (i.e. volcanic-arc type). The lavas are mostly 
tholeiitic, to caic-alkaline. Boninite-type lavas also occur at the lowest 
structural levels. Upwards, these unusual high magnesian andesites are 
overlain by tholeiitic and calc-alkaline lavas and tuffs. Sediment chemistry 
suggests maf'ic and acidic igneous provenances. 
The northern parts of the Complex, close to the KUre Complex are 
characterised by north-vergent folds and thrusts, well developed in phyllitic 
sediments. By contrast, south-vergent folds and thrusts dominate the 
southern outcrop area. North-dipping crenulation cleavage is also locally 
developed, associated with major shear zones. 
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The cangaldag Complex is interpreted as an oceanic arc and arc-trench 
gap Complex, overlying an oceanic basement created by spreading above a 
subduction zone, possibly in a fore-arc setting (Ustaämer and Robertson, 
1990). 
10. 2. 4 Elekdag Ophiolite 
The undated Elekdag Ophiolite crops out as a SW-NE trending, largely 
north-dipping tectonic slice (Figs. 10. 2, 10. 3), comprising an ultramafic 
tectonite at the base, followed by ultramafic cumulates and massive 
serpentinised peridotites, with podiform chromites in the upper levels (Fig. 10. 
4d). Tectonic blocks of blueschists are common. The ophiolite is thrust over 
mélange units in the south (see below). The northern contact of the ophiolite 
with the Domuzdag-Saraycikdag Unit and the cangaldag Complex is a thrust 
that locally dips southward, suggesting that the Elekdag ophiolite is a klippe. 
The base of the ophiolite proper comprises ultramafic tectonites, up to 
200 in thick. Foliations dip northward, parallel to the basal thrust plane. 
Above comes an ultramafic cumulate sequence, 100 m thick. Although greatly 
serpentinised and deformed, laterally continuous colour banding corresponds 
to primary layering. Serpentinised ultramafics (massive peridotites) form the 
highest level of the exposed ophiolite section. In several localities, economic, 
podiform chromite ores are present in the upper part of the ophiolite. The 
Cr/Cr+Al ratio of the chrome spinels (up to 0.84) departs from typical MORB 
values ((0.60), suggesting an above subduction setting (IAT to boninitic). The 
Elekdag ophiolite is locally structurally overlain by blocks of metabasites, 
metacarbonates (marbles, caic-schists and meta-carbonate debris flows) and 
meta-clastics, all metamorphosed to blueschist fades. 
The Elekdag Ophiolite is interpreted as supra-subduction zone 
'Palaeotethyan' oceanic crust (Ustaömer and Robertson, 1990), although a 
'Neotethyan' origin cannot be entirely ruled out at present. 
10. 2. 5 Eclogitic Mélange 
Tectonic lenses of eclogitic mélange are present along both the northern 
and southern contacts of the Elekdag ophiolite. 
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In the south, the base of the ophiolite is marked by up to 50 rn-thick 
shear zone. At several localities, blueschist eclogite blocks, enclosed in sheared 
serpentinite appear as lenses immediately above the basal thrust (Fig. 4d). 
The eclogite blocks are generally 2-3 m across, but larger blocks also occur (up 
to 15 m across). Blocks are green, mineralogically zoned and generally 
spheroidal in shape. Tourmaline rinds, 5 cm long, are well developed, together 
with garnet, chlorite, actinolite, glaucophane, epidote, quartz and sphene. A 
garnet.oniphacite assemblage is developed in the cores of blocks (Eren, 1979). 
Immobile element geochemistry of the eclogites indicates a MORB affinity. 
The eclogites are interpreted essentially as deeply subducted oceanic 
crust fragments, which were intensely sheared to form mélange and later 
uplifted in a fore-arc setting, accompanied by retrograde metamorphism. 
10. 2. 6 Domuzdag-Saraycikdag Complex 
The Domuzdag-Saraycikdag Complex comprises, in the north, a more than 
10 km-thick, north-dipping mélange unit, and in the south, slices of 
metabasites and pelite/psammite associations, all metamorphosed to 
blueschist fades (retrograded to greenschist facies). The unit is bounded to 
the north by the Elekdag Ophiolite and basal eclogitic mélange and, locally also 
by the Cangaldag Complex; a Permian carbonate platform (Kargi Complex) lies 
to the south (Figs. 10. 2 and 3). Slices of Late Cretaceous-Early Tertiary 
ophiolitic mélanges occur in the southern outcrops. Direct age data on this unit 
are lacking, but indirect evidence suggests a Palaeozoic-Earliest Triassic age. 
The mélange in its northern outcrops is a 1000 rn-thick unit of tectonic 
mélange, comprising slices of dominantly metabasite and serpentinite, with 
minor sedimentary rocks. Southward, the mélange is of block-in-matrix type, 
separated by WSW-ENE trending, narrow zones of tectonic mélange. Mainly 
ophiolitic blocks (often > 10 m in size) include serpentinite, gabbro and 
metabasites, together with marbles and blueschists (Fig. 10. 4e). The matrix is 
pelitic and psammitic, with some meta-tuff, red meta-silicious mud and calc-
schist interbeds. In some metabasite blocks there are boulders of 
metacarbonates, embedded in a metabasite matrix. Serpentinite schists (up to 
1 m thick), locally form the matrix of tectonic mélange zones. However, in 
places matrix is totally absent. 
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Immobile element geochemistry of the metabasites in the northern 
tectonic mélange indicates an IAT, to boninitic-type affinity, while the 
metabasite blocks in the southern mélange are of MORB-type. 
Towards the south, blocks gradually disappear and the unit becomes a 
"diabase-phyllitoid" complex. Within this unit, metabasite slices in the 
structurally lower part of the unit are overlain by meta-cherts, then pelites. 
Structurally higher, the unit comprises metabasites intersilced with thicker 
pelitic and psammitic alternations. The metabasites are of MORB type, without 
an identifiable subduction component. These are, however, more enriched in 
high-field strength elements, relative to metabasites in the structurally higher, 
northern outcrops. 
Mesoscopic structures, including tight asymmetrical folds, chevron folds, 
isoclinal folds and stretching lineations all indicate dominantly southward-
directed emplacement. 
The Domuzda-Saraycikdag Complex is interpreted as a Palaeozoic-
earliest Mesozoic Palaeotethyan subduction-accretion complex, assembled 
during essentially northward subduction (UstaOmer and Robertson, 1990). 
Presence of IAT to boninitic metabasites at the structurally highest levels (i.e. 
the northern mélange) is suggestive of tectonic erosion of the hangingwall 
fore-arc during the early stages of Palaeotethyan subduction. 
10. 2. 7 The Karp Complex 
Structurally beneath the Dom uzdag-Saraycikdag sub duction- accretion 
complex in the north is the Gumusolugu Unit (Figs. 10. 2, 10. 3), comprising 
south-vergent, imbricated, basinal meta-sediments and metabasites. Massive 
and pillowed metabasites form the base of local thrust sheets, overlain by 
meta-ribbon cherts and then by meta-carbonates with cm-thick meta-tuff 
interbeds and carbonate debris flows (Fig. 10. 30. Upwards comes a sequence 
of thin-bedded calciturbidites, with shaly partings. The sequence then grades 
into a thick pelitic succession (> 1000 m in structural thickness). The slice 
complex is metamorphosed to glaucophane-schist facies and epidote-
amphibolite facies. The presence of omphacitic pyroxenes indicates that the 
unit was buried to considerable depths. The metabasites are geochemically of 
within plate-type, with no identifiable subduction component. 
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The GQmQsolugu slice complex is interpreted as the northern passive 
margin of the Permian Kargi carbonate platform unit. 
The Akcatas Unit (TUysUz, 1989; pers. comm.) is exposed structurally 
beneath the GQmusolugu Unit. To the south are Late Mesozoic-Early Tertiary 
Neotethyan units, comprising ophiolites, ophiolitic mélange and a volcanic arc 
(TUysUz, 1990). The North Anatolian Transform Fault in the vicinity dissects 
both the Palaeotethyan and Neotethyan terrains. 
The basement of the Kargi carbonate platform is not exposed and, thus 
could be continental or oceanic. However, a thin (' 1 in) quartz-rich 
conglomerate is exposed at the base, as a laterally discontinuous fault-
bounded horizon, which may indicate that the basement is continental. Above 
the local basal conglomerates, meta-shales are overlain by > 500 metres of 
thick-bedded carbonates, with Fusulina. Passing upwards, the carbonates 
alternate with shales, then the sequence becomes pelitic, with psam mite 
interbeds, carbonate debris flows and limestone blocks. Thick sequence of 
black phyllites, with blocks of metabasites appear structurally above this, 
followed by the Gumusolugu Unit (Fig. 10. 4g). 
The Akcatas Unit is interpreted as a Permian carbonate platform that 
later collapsed, becoming a fore-deep related to southward overthrusting of 
the Palaeotethyan sub duction-accretion complex (Domuzdag-Saraycikdag 
Complex). The carbonate platform possibly represents a Gondwana-derived 
Late Palaeozoic continental fragment (Ustaömer and Robertson, 1992 c). There 
is, however, no direct evidence in the study area as to the time of rifting. 
South of the carbonate platform is the Kunduz Unit (Figs. 10. 2 and 3), 
represented by south-vergent, intersliced metabasites and metacarbonates, 
with rare meta-ribbon cherts. The stratigraphic basement of individual slices 
comprises meta-basic lavas, mainly massive and pillow lavas, with local, thin 
(up to 50 cm), calciturbidites (Fig. 10. 4h). The meta-basites are depositionally 
overlain by meta-carbonates, meta-ribbon cherts, and pelites. The 
metabasites are of MORB and MORB-WPB transitional type, again without an 
identifiable subduction component. 
The Kunduz slice complex is interpreted as the southern passive margin 
of the Kargi carbonate platform, which was imbricated and thrust beneath the 
platform, related to northward subduction of Palaeotethys. 
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10. 3 Discussion 
In the tectonic model proposed here (Fig. 10. 5), the southerly ocean 
basin (represented by the Domuzdag-Saraycikdag Unit) corresponds to the 
main Tethys, ('Palaeotethys"); while the northerly oceanic basin (represented 
by the KOre Complex) represents a ("Palaeotethyan") marginal basin. 
The Tethys was subducted northward in Late Palaeozoic time. An 
oceanic arc (Cangaldag  Complex) was developed above the subduction zone, 
near the southern margin of Eurasia. In Latest Palaeozoic, a continental 
fragment was rifted off Eurasia (Devrekani Metamorphic Unit and the Istanbul 
Fragment) to open the Küre Basin above a northward-dipping sub duction zone. 
The Permian carbonate platform in the south (Kargi Complex) is seen as a 
Gondwana-derived fragment, which drifted across "Palaeotethys' before 
colliding with the South Eurasian active margin. During this collision, the 
carbonate platform subsided, creating a fore-deep, which was overridden 
southwards by an already assembled subduction-accretion complex 
(Domuzdag-Saraycikdag Unit). This collision possibly triggered collapse of the 
northerly KUre marginal basin, which then closed by southward 
underthrusting prior to Late Jurassic time. All the tectonic units discussed 
above were by then accreted to the southern margin of Eurasia, leaving a 
remnant Tethyan oceanic basin to the south; this did not finally close until the 
Early Tertiary, following a later Mesozoic history of mainly northward 
subduction, oceanic arc genesis and ophiolite emplacement. 
The Pontide margin experienced crustal extension in the Lower 
Cretaceous, giving rise to several half grabens (A. Robinson, C. Banks and S. 
Hall., pers. comm., 1992). This extension also generated the Kastamonu-
Boyabat Basin as an initially south-facing half-graben, which later became 
inactive and gradually filled with shallow marine to continental sediments. 
The Early Cretaceous extension developed above a northward-dipping 
subduction zone and was a precursor to opening of the Black Sea as a "back-
arc basin' in the Late Mesozoic-Early Tertiary. One other possible implication 
of the Early Cretaceous extension is that it may have been responsible for 
detachment and partial uplift of deeply buried Palaeotethyan units (i.e. the 
blueschists) in the Central Pontides. 
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10. 4 Conclusions 
The data presented in this thesis enable us to reconstruct the 
palaeogeography of the Pre-Late Jurassic north Tethyan margin; this was a SW 
Pacific-type active margin throughout its existence. Structural vergence and 
tectonic fades" patterns support the existence of a large ocean to the south of 
the Pontides, which subducted northwards in Late Palaeozoic-Early Mesozoic 
time. This is the main "Palaeotethys'. The KUre Basin, on the other hand, is 
interpreted here as one of several circum-Black Sea marginal basins of Late 
Palaeozoic-Early Mesozoic age, which opened above the northward subducting 
Palaeotethys'. Gondwana- derived carbonate platform slivers (Kargi Unit) 
were accreted to the northerly active margin, causing compression and 
eventual collapse of the KUre marginal basin, which then closed by southward 
underthrusting. 
After elimination of the marginal oceanic basins (i.e. KUre and 
equivalents), the Eurasian margin stabilised in the Late Jurassic and carbonate 
platform sedimentation was established, while Tethys remained open to the 
south. Extension ensued with basin formation in the Lower Cretaceous. 
Deeply buried units to the south of the Cangaldag Complex were possibly 
detached and uplifted at this stage. 
Northward sub duction of 'Palaeotethys' had given rise to genesis of the 
Kilre marginal basin complex along the active Eurasian margin in Latest 
Palaeozoic-Earliest Mesozoic. Similarly, later northward subduction of 
"Neotethys" then created the Black Sea as a 'back-arc' marginal basin within 
the Eurasian active continental margin during the Late Cretaceous-Early 
Tertiary, more or less in the same area as its precursor. 'Neotethys' in the 
Central Pontides closed by emplacement of ophiolite units onto the Eurasian 
margin in the Late Cretaceous, with final continental collision in the Early 
Tertiary. 
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APPENDIX 1: X-ray fluorescence techniques 
Whole rock chemical analysis of samples collected in the Central Pontides 
was undertaken by X-ray fluorescence at Edinburgh University. The samples 
were analysed on Philips PW 1450/20 and PW 1480 spectrometers. The 
analyses were calibrated using USGS and CRPG international standarts, 
described in Abbey (1980). Typical accuracy, i.e. a measure of the absolute 
quality of the analysis, is presented in Table 1 (Fitton et al., 1984). Major 
elements were analysed from fused glass disks. These were prepared using 
the standart technique of Fitton and Dunlop (1985). A measured quantity Cl 
Lithium flux (Johnson-Mattey Spectroflux) was added to the residue. Trace 
elements were measured on pressed powder pellets. Further details are 
presented in Fitton et al. (1984). 
KURE COMPLEX 
KURE LAVAS 1(8919 K8924 K8925 K8940 1(8917 TO 1 Tu 12 Tu 13 Tu 14 Tu16 Tu 28 
SiO2 47.41 48.94 51.33 45.34 51.79 42.63 50.59 51.11 50.99 51.55 49.54 
A1203 17.45 15.63 15.58 14.42 16.34 16.89 14.91 15.08 14.27 14.92 16.03 
Fe203 12.72 11.58 10.1 9.92 8.79 11.4 9.82 10.18 9.35 9.6 9.89 X 
MgO 5.49 7.4 7.98 6.52 6.5 6.05 7.15 6.72 8.12 6.1 6.11 
CaO 4.73 7.57 6.99 10.15 7.67 7.19 6.59 8.3 7.23 9.47 7.74 
Na2O 4.33 3.67 4.77 3.99 4.88 4.12 4.93 3.35 4.04 3.66 4.19 
K20 0.42 0.63 0.4 0.04 0.03 0.53 0.06 0.29 0.81 0.11 0.13 
Ti02 1.97 1.54 1.24 1.17 0.67 1.12 1.54 1.31 1.23 1.4 1.08 
P205 0.18 0.15 0.17 0.22 0.12 0.12 0.14 0.14 0.14 0.17 0.16 
MnO 0.19 0.14 0.11 0.1 0.05 0.11 0.14 0.12 0.11 0.14 0.09 
101 5.49 3.04 1.42 7.91 3.84 9.98 4.81 3.15 3.49 2.24 4.6 
Total 100.38 100.29 100.09 99.78 100.27 100.15 100.88 99.75 99.79 99.35 99.57 
Ni 132 91 72 103 157 87 77 107 97 94 66 
Cr 328 259 158 255 356 284 259 292 279 295 237 
V 418 334 308 301 226 319 301 307 295 317 264 
SC 55 46 44 41 46 43 44 39 38 40 44 
Cu 70 56 57 39 22 55 55 61 57 64 28 
Zn 120 95 78 73 91 94 81 72 72 73 81 
Sr 194 236 128 227 115 133 69 163 114 157 126 
Rb 4 6 5 1 0 8 0 3 5 0 3 
Zr 138 110 78 79 40 75 106 87 80 101 68 
Nb 5 3 2 3 1 2 3 2 2 3 2 
Ba 34 77 32 749 5 27 13 43 100 26 27 
Pb 0 0 0 0 1 1 1 1 2 1 1 
Th 0 0 0 0 0 0 0 0 0 0 0 
La 4 4 2 2 4 1 1 0 0 1 3 
Ce 14 8 8 7 4 6 17 8 9 3 5 
Nd 12 8 6 9 3 6 11 9 7 9 9 411 
V 35 33 27 28 20 24 32 27 27 31 26 
KURE COMPLEX 
KURE LAVAS Tu31 Tu35 Tu47 Tu32 Tu37 Tu38 Tu39 K891 0 TU9053 TU901 9 TU30 
Si02 52.07 50.65 52.77 47.82 45.06 48.16 47.96 53.52 47.06 47.86 51.4 
A1203 15.54 15.81 13.86 14.74 16.68 15.19 15.47 16.05 14.62 14 18.87 
Fe203 7.99 9.57 8.73 11.2 13.41 0.99 11.54 9.24 11.6 10.35 9.44 
MgO 6.4 7.52 7.37 7.54 7.03 6.34 7.75 6.78 6.66 11.09 4.85 
CaO 7.24 6.81 8.56 10.06 6.61 6.23 8.74 5.43 11.17 10.41 5.06 
Na2O 3.83 3.97 3.42 2.25 0.65 4.44 1.3 4.09 2.91 1.36 4.31 
K20 0.51 0.66 0.08 1.5 1.28 0.3 1.4 0.45 0.192 0.437 0.64 
TiO2 0.63 1.06 0.97 1.41 2.08 1.73 1.38 1.35 1.64 0.834 0.68 
P205 0.11 0.14 0.15 0.19 0.21 0.16 0.17 0.14 0.154 0.16 0.12 
MnO 0.04 0.1 0.09 0.13 0.2 0.18 0.14 0.13 0.163 0.078 0.05 
101 4.66 3.2 4.55 2.87 6.47 5.48 3.44 2.64 2.65 3.46 4.14 
Total 99.04 99.49 100.55 99.71 99.69 99.19 99.96 100.81 99.34 100.04 99.55 
Ni 96 115 178 97 104 112 116 65 103.2 224.7 112 
Cr 247 391 365 306 294 266 347 51 259 551.7 365 
V 265 304 252 315 296 344 339 319 313.4 267.9 162 
Sc 37 45 37 40 52 45 43 39 37.2 34.8 45 
Cu 25 67 57 64 64 62 58 52 68.6 65.4 11 
Zn 64 67 65 77 112 96 74 86 90.5 74.9 95 
Sr 121 121 203 121 176 200 119 191 186 75.7 169 
Rb 10 11 0 16 24 3 27 4 2.9 5.1 16 
Zr 41 67 75 99 152 125 102 96 117 51.8 47 
Nb 1 2 2 3 4 4 3 4 4.2 2.9 1 
Ba 26 39 18 127 147 49 202 36 4 24.9 20 
Pb I 1 1 1 1 1 1 0 0.2 -0.9 2 
Th 0 0 0 0 0 0 0 0 -0.2 0 0 
La 3 2 6 7 12 6 13 2 6.3 3.9 7 
Ce 0 9 2 9 17 12 16 11 20.2 9.8 0 
Nd 4 9 8 9 14 12 10 8 10 3.9 0 CA 
V 23 26 23 31 37 34 30 27 38 21.4 12 
KURE COMPLEX 
KURE LAVAS TU34 K8939 TU27 TU36 TU15 TU24 11.126 TU7 TU8 TWO TU91154 
SiO2 49.72 46.39 54.9 59.12 58.55 58.12 67.37 50.39 47.03 51.62 43.67 
A1203 15.59 13.54 15.15 14.93 15.6 15.31 15.48 15.2 16.09 14.73 17.18 
Fe203 10.43 10.36 8.96 5.93 9.09 9.21 2.94 10.08 10.97 10.54 12.03 
MgO 3.69 4.96 3.72 2.19 4.5 4.44 1.13 8.87 5.63 8.19 3.43 
CaO 7.98 10.68 4.75 7.38 1.81 1.72 2.79 7.27 6.32 2.71 6.59 
Na2O 4.2 3.58 4.42 3.94 5.66 5.57 6.55 3.47 3.23 2.78 5.2 
K20 0.17 0.11 0.2 0.18 0.08 0.04 0.04 0.25 0.28 0.15 0.782 
TiO2 1.32 1.56 0.58 1.83 1.35 1.34 0.56 1.12 1.5 1.53 1.214 
P205 0.14 0.24 0.14 0.12 0.17 0.18 0.03 0.16 0.12 0.15 0.47 
MnO 0.13 0.16 0.05 0.2 0.15 0.17 0.06 0.08 0.08 0.2 0.307 
101 6.13 8.63 7.04 4.06 3.15 3.43 2.8 3.36 8.63 6.66 8.53 
Total 99.5 100.21 99.91 99.89 100.11 99.53 99.75 100.27 99.88 99.92 99.4 
Ni 95 42 68 53 35 33 105 84 22 61 111 
Cr 340 72 238 257 33 30 280 190 8 191 262.5 
V 337 318 211 344 300 295 256 305 495 289 247.8 
Sc 43 39 30 43 29 29 32 39 47 38 34.3 
Cu 40 29 19 55 50 51 48 15 2 136 55.5 
Zn 76 79 59 54 800 654 48 31 26 332 119.7 
Sr 117 196 96 154 46 48 83 100 85 37 76.6 
Rb 3 3 3 1 1 0 0 1 2 3 28.1 
Zr 97 120 37 134 108 107 32 62 61 144 135.9 
Nb 3 5 1 4 3 3 1 2 2 4 3.8 
Ba 17 778 41 24 0 0 15 12 12 26 191.1 
Pb 1 2 1 2 1 2 2 3 3 5 8.8 
lb 0 0 0 0 0 0 0 0 0 0 0.5 
La 3 5 8 6 5 10 1 2 4 12 0.4 
Ce 19 12 6 22 8 17 9 0 0 12 18.6 
Nd 14 12 3 17 7 10 7 9 2 9 10.4 CA 
V 38 37 17 39 38 37 14 25 23 35 32.2 CA 
KURE COMPLEX 
KURE LAVAS TU91155 11J91156 TU91157 TU9170 TU91106 TU9074 TU19 TU23 TU9168 
GABBROS 
SiO2 38.9 45.82 41.76 49.55 48.09 55.61 43.49 51.72 50.74 
A1203 15.55 17.99 16.88 13.12 12.42 15.75 18.21 12.2 15.27 
Fe203 12.5 9.75 9.5 14.79 14.04 8.09 5.89 8.23 5.6 
MgO 4.14 8.48 6.33 6.11 7.69 5.4 19.26 13.3 11.03 
CaO 9.58 3.57 7.85 3.04 3.61 5.97 2.81 6.1 12.31 
Na20 4.67 5.5 4.78 5.42 3.36 5.73 0.6 3.08 1.73 
K20 0.393 0.297 0.541 0.019 0.039 0.165 1.59 0.49 0.345 
1102 1.079 1.193 1.127 3.186 2.172 0.718 0.23 0.41 0.52 
P205 0.606 0.424 0.411 0.573 0.228 0.106 0.09 0.13 0.094 
MnO 0.189 0.275 0.289 0.307 0.282 0.069 0.04 0.04 0.028 
101 11.08 6.99 10.57 3.54 8.07 2.35 8.29 3.71 2.7 
Total 98.7 100.3 100.03 99.66 100.01 99.96 100.49 99.41 100.39 
Ni 138.1 160.5 130.7 41 26.1 38.3 338 320 176.8 
Cr 265.1 247.4 389.8 68.6 55.5 30.9 498 1031 724.8 
V 265.6 235.9 226.4 519.1 333.5 324.3 155 228 234.4 
Sc 28.3 33.4 30.5 47.2 35.7 41.1 33 46 45.8 
Cu 64.5 50.3 51.8 63.2 33.7 6.7 0 5 14.1 
Zn 107.8 91.1 86.7 193.7 128.7 23.9 14 34 16.3 
Sr 149.8 120.5 96.3 369.9 86.6 86.9 14 91 107.1 
Rb 15 6.6 18.5 -0.2 1.4 1.5 58 4 4.3 
Zr 129 133.9 125.1 238.7 179.3 33.2 16 26 13.3 
Nb 2.1 3.6 4 6.6 5.8 1.9 1 1 2 
Ba 6381.1 204.3 132.7 453.2 -15.9 14.4 60 6 11.1 
Pb 6.5 4.9 5 2.2 2 0.5 2 1 0.1 
Th 3.2 0.1 1.2 -2.3 0.5 -0.2 0 0 -1.5 
La 1.1 9 7.7 0.1 7.5 5.5 3 6 0.2 
Ce 11.6 25.5 26.5 39.2 18.6 11.5 0 0 13.3 
Nd 25.2 13.5 8.2 15.1 12 2.6 1 3 2.3 
Y 29.1 26.8 24.6 66.1 61.8 24.8 9 15 9.3 
KURE COMPLEX 
KURE DYKES TU9077 1119087 TU9078 TU9086 TU9073 
S102 44.26 61.92 59.62 53.41 53.96 
A1203 19.76 14.57 14.75 16.8 15.72 
Fe203 9.29 8.34 8.38 9.27 9.58 
MgO 3.5 2.37 4.34 5.22 6.42 
CaO 19.22 3.07 4.05 5.65 4.35 
Na2O 0.05 5.83 4.88 4.62 4.66 
K20 0.007 0.59 0.814 1.074 0.08 
1102 1.101 1.294 0.974 1.152 0.779 
P205 0.11 0.069 0.097 0.105 0.096 
MnO 0.114 0.196 0.104 0.119 0.07 
LOl 4.87 1.66 1.94 2.52 4.22 
Total 102.29 99.9 99.98 99.92 99.93 
Ni 20.5 2.2 26.9 38 23.1 
Cr 33.4 9.5 26.8 56.7 17.9 
V 370.6 133.9 362 413.7 284.6 
Sc 32.3 24 40.4 44 39.1 
Cu 58.1 8 9.2 9.5 9.6 
Zn 47.2 17.6 21.5 23.8 45.3 
Sr 17 110.8 131.5 160.2 47 
Rb 0.1 4.4 6.6 9.5 1.2 
Zr 71.8 105.5 51.3 48.9 38.5 
Nb 3.2 3.1 2.2 2.8 2.4 
Ba -12.5 23.6 15.9 32.6 5.2 
Pb 1.9 -0.8 -0.4 1.6 0.3 
Th 0.6 0.1 -0.2 -0.5 0.2 
La 0.2 9.6 0.3 3.9 1 
Ce 1.3. 18.1 1.8 0.9 8.5 
Nd -1.7 9.5 4.6 -0.3 6.8 
Y 28.2 40.7 28 26.1 20.1 
TU9076 K8951 TU9039 TU9155 K897 
55.09 55.21 54.95 50.53 67.31 
15.93 15.78 15.19 14.95 16.16 
9.97 8.12 11.23 9.08 2.94 
4.98 5.54 4.79 10.51 1.55 
4.7 7.65 2.82 6.85 1.19 
4.64 5.52 4.36 3.09 7.73 
0.171 0.19 0.38 0.352 0.03 
1.078 0.72 1.203 0.619 0.61 
0.117 0.12 0.08 0.132 0.03 
0.1 0.06 0.105 0.055 0.05 
3.51 1.98 4.78 4.12 1.55 
100.3 100.88 99.89 100.28 99.15 
29.4 42 12.2 144.2 86 
26 13 22.9 399.1 313 
378.7 324 404.1 269.7 191 
35.2 41 39.4 43.4 21 
76.8 1 6.4 284.8 66 
67.1 24 12 46.8 70 
68.1 84 93.7 66.6 182 
1 0 5.2 3.2 0 
58.5 33 62.6 30.5 38 
2.9 2 2.6 1.8 2 
8.1 5 -3.9 21 14 
1.1 1 -0.3 1.8 0 
-0.4 0 0.1 -2 1 
1.4 2 0.4 2.5 0 
13.8 3 7.3 11.8 6 
7.6 0 2.4 -7.4 4 
27.8 22 26.9 18 9 
KURE COMPLEX 
SHALES 1114 IL 22 1139 IL 43 ESEN1 ESEN2 ESEN4 ESEN10 1L29 IL10 1L37 IL 1 
Si02 59.12 56.17 58.6 58.61 60.33 59.88 53.87 62.71 59.7 56.65 59.3 55.74 
17, 
A1203 19.75 22.25 21.62 19.52 17.33 19.39 22.43 19.05 20.7 22.89 19.99 22.62 
Fe2O3 7.25 5.85 5.2 7.62 6.85 6.28 7.04 4.62 6.84 6.32 6.94 6.92 
MgO 1.63 1.85 1.92 2.51 1.61 2 2.27 1.26 1.85 1.27 1.72 1.47 
Ca20 0.41 0.53 0.33 0.34 0.35 0.29 0.28 0.59 0.32 0.44 0.47 0.4 
Na2O 1.01 1.02 0.84 0.88 2.18 0.95 0.82 0.79 0.66 0.88 0.65 0.77 
1<20 3.098 4.052 4.251 3.662 2.711 3.334 5.072 3.062 3.711 3.595 3.862 4.63 
TiO2 0.847 0.969 0.877 0.752 0.844 0.855 1.089 0.824 0.785 0.933 0.818 0.905 
MnO 0.085 0.051 0.245 0.196 0.023 0.075 0.158 0.033 0.077 0.074 0.035 0.075 
P205 0.194 0.205 0.07 0.112 0.22 0.158 0.106 0.102 0.164 0.14 0.111 0.174 
101 5.96 6.85 5.44 5.79 6.26 5.95 5.2 5.93 4.87 6.41 5.75 5.92 
Total 99.35 99.76 99.41 100 99.07 99.14 98.34 98.96 99.68 99.61 99.65 99.63 
Ni 63.3 54.2 80.9 135.6 59 83.9 68.3 57.8 53.6 61.1 71.9 55.9 
Cr 123.7 141.4 150 157.9 123.5 130.3 154.3 148.6 107 159.5 131.8 141.6 
V 147.4 188.1 209.8 196.3 164.9 189 184.7 171.1 144.6 273.9 201.4 210.6 
Sc 21.5 24.5 17.2 28.1 21 20.5 28.9 18.4 26.8 24.4 19.4 23.6 
Cu 42.1 44.4 99.3 57 33.5 32.7 49.6 56.6 44.1 82.3 60.1 49.7 
Zn 118.2 112 83.7 161.2 122.8 75.3 149.7 127.6 134.6 97.1 138.2 105.3 
Sr 79.3 81.9 94.4 80 109.7 81.1 74.3 98.6 55.3 105.6 79.3 96.7 
Rb 140.3 178.4 185.3 165.7 102.9 137.9 195.7 142.8 154.4 161.5 165.9 197.7 
Zr 174.7 202.8 170.3 150.1 210.8 203.5 209.5 181.9 172.9 198.9 167.1 187.5 
Nb 16.2 18.9 17.5 15.8 13.7 15.2 15.8 16.7 15.7 16.9 16.9 17.9 
Ba 500.2 497.8 562 591.9 416.2 482.6 903.8 525.6 482.1 524.7 355.6 776.4 
Pb 24.3 22.4 30.4 19 18.9 20.9 8.8 21 19.1 31.2 11.3 23.3 
Th 17.6 17.1 16.2 16 12 14.9 13.8 17.1 16.8 20 17.6 19.2 
La 39.9 44.2 36.2 41.1 35.7 31.9 37.1 40.6 51.6 47.1 40.9 51.3 
Ce 98.9 113.9 93.4 92.2 69.6 72.2 83.9 91.6 89.6 107.9 86.8 98.9 
Nd 45.3 44.8 33.5 34.2 35 32.7 40 39.4 41.2 43.4 37.6 44.1 
V 31.6 34.1 21.9 24.5 33.4 30.5 33.3 24.2 31.6 30.7 27.2 29.6 
KURE COMPLEX 
Sandstones 	TU1 	ESEN KEPEZ 2 KEPEZ 1 KEPEZ 3 KEPEZ 7 
SiO2 74.35 79.45 85.08 84.75 79.51 80.78 
A1203 8.26 9.85 6.6 7.41 10.23 9.64 
Fe2O3 7.35 3.35 3.36 2.45 3.17 2.92 
MgO 1.64 1.23 0.49 0.5 0.64 0.63 
Ca20 1.84 0.13 0.1 0.14 0.17 0.15 
Na2O 0.44 1.9 1.21 2.02 1.98 2.06 
K20 0.61 1.351 1.014 0.836 1.234 1.309 
TiO2 0.4 0.623 0.478 0.485 0.585 0.537 
MnO 0.33 0.066 0.09 0.011 0.008 0.02 
P205 0.07 0.086 0.046 0.056 0.064 0.077 
101 2.02 1.76 1.6 2.47 2.16 
Total 94.28 100.06 100.23 100.26 100.06 100.28 
Ni 79 19.7 25.4 26.3 43.4 28.7 
Cr 68 48.5 56.2 100.4 103 86.3 
V 78 67.8 43.6 44 69.4 54.7 
Sc 8 9.2 5.5 7.4 8.6 8.6 
Cu 32 12 5.7 4 10.1 8 
Zn 136 47.7 44.5 38.6 64.7 51.8 
Sr 45 31.5 34.3 49.6 59.2 57.1 
Rb 24 49.4 36.5 35.9 59.5 55.6 
Zr 184 181 183.9 277.7 246.7 267.4 
Nb 9 9.4 10.8 9.7 11.3 11 
Ba 109 243 160.5 151.4 209.6 185 
Pb 28 8.2 9.9 7.6 11.5 7.6 
Th 9 6 4.8 6.6 6.7 8.7 
La 19 18.1 16.2 23.4 26.9 16.6 
Ce 42 46.4 39.3 48.9 46.5 57.3 
Nd 15 15.2 9.5 15.6 16.1 17.7 
V 17 15.1 12.7 14.8 17.3 16.1 
88 LKT TU2 TU3 K8930 
72.01 75.17 87.11 81.31 
14.66 7.58 6.15 9.88 
4.12 7.21 1.35 2.08 
0.69 1.49 0.51 0.53 
0.19 1.78 0.33 0.19 
1.14 0.53 1.12 1.29 
2.79 0.56 1.05 1.59 
0.71 0.41 0.33 0.45 
0.02 0.3 0.01 0 
0.1 0.07 0.03 0.05 
96.43 95.1 97.99 97.37 
26 72 15 29 
84 68 59 59 
109 73 29 47 
14 5 0 6 
10 23 0 6 
37 112 16 50 
49 44 41 64 
112 23 37 62 
265 192 196 177 
13 9 6 8 
450 84 260 260 
6 26 11 10 
14 7 6 10 
37 13 21 20 
74 46 46 46 
27 16 17 18 
28 19 11 13 
GRANITES TU90 TU9046devg TU9048devg TU9049devg TU9089batg TU9088batg TU9084devg TtJ9047devg 
S102 59.06 61.84 58.02 68.32 61.37 61.11 58.23 57.35 
A1203 17.35 17.51 17.42 15.14 17.4 18.2 16.66 16.74 
Fe203 5.39 4.43 5.78 2.19 5.56 5.31 6.36 6.07 
MgO 3.57 2.69 3.79 0.95 2.64 2.46 3.97 3.94 
CaO 6.57 5.34 7.22 3.25 5.19 5.36 6.45 5.33 
Na2O 3.32 4.36 3.61 4.61 2.99 3.01 3.74 4.49 
K20 1.84 1.275 1.412 3.273 2.232 2.3 1.704 2.61 
TiO2 0.871 0.811 0.762 0.408 0.634 0.605 0.76 0.945 
MnO 0.099 0.077 0.104 0.022 0.101 0.091 0.117 0.114 
P205 0.136 0.211 0.117 0.079 0.161 0.154 0.121 0.157 
101 1.72 1.56 1.36 2.08 1.41 1.33 1.75 2.07 
Total 98.22 98.54 98.24 98.24 98.28 98.6 98.12 97.75 
Ni 12.5 4.8 8.6 3.5 11.3 13.1 7.2 11.4 
Cr 68.6 25.7 102.8 6.5 44.7 41.7 36.2 49.1 
V 136.5 140.1 162 35.9 80 76.3 152.7 141.5 
Sc 22.5 17.3 26.7 3.4 18.1 13.1 25.4 18.3 
Cu 12.9 8.6 12.8 42.9 6.7 7.9 15.2 9.6 
Zn 54.1 46 55.1 16.2 70.9 72.8 60.8 64 
Sr 294.6 306.1 257 117.6 229.3 240 264.1 283.5 
Rb 64.3 48.4 45.1 65.7 82.7 83 75.1 121.8 
Zr 86.4 131.1 122.8 176.6 115.5 121.7 75.5 121.6 
Nb 7.2 5.7 5.1 5.5 8.1 6.8 5 5.9 
Ba 210 161.1 208.5 339.9 432.7 448.8 242.2 265.6 
Pb 13.8 9.4 10.2 23.5 19.5 20.4 9.7 14.1 
Th 4.3 1.5 5.5 15 7.2 9.3 5.7 6 
La 14.4 13.6 14.8 33.3 13.5 24.3 13.9 19.9 
Ce 29.6 19.9 38.4 58.6 31.2 43.9 33.5 34.1 
Nd 21.6 14.7 23.1 26.7 16.9 14.5 12.1 21.3 
V 23.6 17.9 27 22.8 16.8 12.3 21.8 21.8 
co 
Volcanic Sequence Lavas 	
ç A N GAL D AG COMPLEX 
Tu89111 Tu89110 Tu89101 Tu902 Tu9036 Tu89115 Kiracy Tu9099 AU Tu9027 Tu9037 Tu89114 TU9133 
SiO2 49.76 49.69 45.59 46.27 50.76 43.52 58 55.61 52.63 48.82 59.16 55.05 53.73 
A1203 10.82 17.35 17.46 18.36 12.58 17.21 15.09 29.09 17.49 15.79 14.46 16.05 15.76 
Fe203 7.75 12.91 9.27 11.76 7.43 9.36 9.44 5.68 8.52 8.24 4.27 8.89 9.43 
MgO 12.68 9.85 14.15 9.02 13.09 10.22 3.66 7.51 6.99 6.57 6.19 5.74 6.19 
CaO 11.31 3.81 2.28 3.96 9.01 11.84 7.82 7.03 5.9 12.01 7.52 8.78 7.22 
Na2O 0.19 0.12 3.05 3.74 2.75 1.73 2.46 5.4 5.37 3.05 4.65 1.75 4.07 
K20 0.43 2.28 1.36 1.4 0.106 0.1 0.14 0.06 0.07 0.089 0.191 0.29 0.066 
TiO2 0.17 0.65 0.39 0.81 0.427 1.37 0.52 0.374 0.46 0.737 0.253 0.62 0.806 
K20 0.16 0.18 0.3 0.17 0.119 0.19 0.14 0.096 0.12 0.12 0.072 0.11 0.134 
P205 0.02 0.02 0.01 0.06 0.058 0.21 0.06 0.045 0.04 0.072 0.038 0.06 0.062 
LOl 6.42 5.44 5.96 4.38 3.29 5.07 2.98 2.61 3.34 4.34 1.42 3.11 2.6 
Total 99.7 102.3 99.83 99.61 99.57 100.82 100.77 110.89 100.94 99.83 99.92 100.61 100.08 
Ni 333 19 165 116 311.9 296 34 127.9 39 64.3 178 26 48.9 
Cr 1116 9 670 434 767.9 501 10 344.2 73 204.6 382 7 176.9 
V 175 322 153 270 147.2 194 273 151.6 226 247.7 145.9 273 341.4 
Sc 40 38 39 44 38.1 39 40 26.1 40 37.5 23.4 41 43.6 
Cu 46 26 25 68 9 73 17 63.3 62 52.1 96 78 88.1 
Zn 52 108 115 92 67.5 72 68 42.6 67 62.9 35.7 67 68.6 
Sr 308 100 18 89 43.7 242 117 66.1 122 109.4 55.9 258 81.8 
Rb 7 32 21 26 1.6 3 2 0.1 0 1.8 4.1 3 1.4 
Zr 35 34 24 49 45.2 148 44 22.5 32 44.6 27.4 56 28.7 
Nb 2 2 2 1 2.3 4 2 2.4 2 2.3 2.6 2 1.6 
Ba 43 36 41 30 6 23 15 0.8 3 10.4 52.6 6 10.8 
Pb 1 1 1 1 -0.3 2 3 1.2 1 0.5 1 1 1.3 
Th 0 0 0 0 -0.6 0 0 -0.4 0 0.6 0.8 0 1.4 
La 0 2 0 1 3.6 4 3 1 2 0.8 0.1 1 0.6 
Ce 2 0 3 1 9.9 18 7 9.3 2 5.8 13.6 5 8.7 çj 
Nd 1 0 0 1 5.4 13 5 9.8 0 2.4 2 4 5.9 
V 6 9 3 14 13.2 26 18 8.5 10 18.9 5.8 16 17.1 
Volcanic Sequence Lavas 	 CA N GAL D A C COMPLEX 
Tu89111 Tu89110 Tu89101 Tu902 Tu9036 Tu89115 Kiracy Tu9099 Ak3 Tu9027 Tu9037 Tu89114 TU9133 
5102 49.76 49.69 45.59 46.27 50.76 4352 58 55.61 52.63 4882 59.16 55.05 53.73 
A1203 10.82 17.35 17.46 18.36 12.58 17.21 15.09 29.09 17.49 15.79 14.46 16.05 15.76 
Fe203 7.75 12.91 9.27 11.76 7.43 9.36 9.44 5.68 8.52 8.24 4.27 8.89 9.43 
MgO 12.68 9.85 14.15 9.02 13.09 10.22 3.66 7.51 6.99 6.57 6.19 5.74 6.19 
CaO 11.31 3.81 2.28 3.96 9.01 11.84 7.82 7.03 5.9 12.01 7.52 8.78 7.22 
Na2O 0.19 0.12 3.05 3.74 2.75 1.73 2.46 5.4 5.37 3.05 4.65 1.75 4.07 
K20 0.43 2.28 1.36 1.4 0.106 0.1 0.14 0.06 0.07 0.089 0.191 0.29 0.066 
1102 0.17 0.65 0.39 0.81 0.427 1.37 0.52 0.374 0.46 0.737 0.253 0.62 0.806 
K20 0.16 0.18 0.3 0.17 0.119 0.19 0.14 0.096 0.12 0.12 0.072 0.11 0.134 
P205 0.02 0.02 0.01 0.06 0.058 0.21 0.06 0.045 0.04 0.072 0.038 0.06 0.062 
LOl 6.42 5.44 5.96 4.38 3.29 5.07 2.98 2.61 3.34 4.34 1.42 3.11 2.6 
Total 99.7 102.3 99.83 99.61 99.57 100.82 100.77 110.89 100.94 99.83 99.92 100.61 100.08 
Ni 333 19 165 116 311.9 296 34 127.9 39 64.3 178 26 48.9 
Cr 1116 9 670 434 767.9 501 10 344.2 73 204.6 382 7 176.9 
V 175 322 153 270 147.2 194 273 151.6 226 247.7 145.9 273 341.4 
Sc 40 38 39 44 38.1 39 40 26.1 40 37.5 23.4 41 43.6 
Cu 46 26 25 68 9 73 17 63.3 62 52.1 96 78 88.1 
Zn 52 108 115 92 67.5 72 68 42.6 67 62.9 35.7 67 68.6 
Sr 308 100 18 89 43.7 242 117 66.1 122 109.4 55.9 258 81.8 
Rb 7 32 21 26 1.6 3 2 0.1 0 1.8 4.1 3 1.4 
Zr 35 34 24 49 45.2 148 44 22.5 32 44.6 27.4 56 28.7 
Nb 2 2 2 1 2.3 4 2 2.4 2 2.3 2.6 2 1.6 
Ba 43 36 41 30 6 23 15 0.8 3 10.4 52.6 6 10.8 
Pb 1 1 1 1 -0.3 2 3 1.2 1 0.5 1 1 1.3 
Th 0 0 0 0 -0.6 0 0 -0.4 0 0.6 0.8 0 1.4 
La 0 2 0 1 3.6 4 3 1 2 0.8 0.1 1 0.6 
Ce 2 0 3 1 9.9 18 7 9.3 2 5.8 13.6 5 8.7 
Nd 1 0 0 1 5.4 13 5 9.8 0 2.4 2 4 5.9 
Y 6 9 3 14 13.2 26 18 8.5 10 18.9 5.8 16 17.1 
CANGALDAC COMPLEX 
E8926 	E8940 	11J891 TU89100 TU89106 	G28 Tu90100 	Tu9035 	CAN2 	CAN1 	PEN2 12TU89.1 	Tu9055 
S102 	 69.21 	74.69 	68.98 	44.28 	48.59 	52.57 	55.03 	54.77 	50.33 	73.36 	49.68 	68.98 	51.04 	17 
A1203 13.81 6 13.71 17.06 15.56 13.99 15.37 15.51 15.41 12.34 12.63 13171 15.14 ) 
Fe203 4.92 9.78 5.93 9.15 9.16 8.49 10.27 10.35 10.29 3.5 9.18 5.93 9.39 
MgO 2.27 1.8 1.02 6.62 8.71 8.39 4.23 4.11 6.66 0.37 6.95 1.02 7.27 
CaO 2.41 2.7 1.36 12.28 11.75 8.62 4.77 5.1 i 8.44 2.64 10.66 1.36 7.9 
Na2O 5.03 1.43 6.4 2.36 3.1 4.32 6.44 6.42 4.34 3.8 4.69 6.4 4.71 
K20 0.14 0.27 0.04 0.95 0.08 0.49 0.075 0.071 0.1 1.16 0.23 0.04 0.154 
TiO2 0.32 0.29 0.71 0.8 1.01 1.3 1.699 1.683 1.51 0.53 0.51 0.71 0.84 
K20 0.17 2.34 0.06 0.17 0.15 0.14 0.14 0.138 0.23 0.05 0.17 0.06 0.141 
P205 0.05 0.31 0.21 0.09 0.1 0.15 0.35 0.296 0.12 0.22 0.07 0.21 0.091 
101 1.71 0.22 1.32 6.29 3.13 2.39 1.47 1.43 2.62 1.68 6.26 1.32 2.82 
Total 100.04 99.93 99.74 100.06 101.34 100.84 99.83 99.93 100.04 99.65 101.03 99.74 99.49 
Ni 10 69 8 210 49 68 39.8 39.5 10 7 66 8 23.4 
Cr 17 29 1 567 79 258 72.9 76 2 • 296 1 39.9 
V 77 144 10 167 253 225 200.9 203.6 5 5 273 10 243.3 
Sc 16 9 18 36 52 39 22.2 27.8 24 23 40 18 46.2 
Cu 24 160 0 55 80 62 20.7 38.9 36 21 
* 68.5 
Zn 89 133 101 106 58 61 116.3 109.2 161 69 84 101 46.2 
Sr 100 84 40 211 130 94 86 95 57 207 57 40 104.3 
Rb 0 8 0 13 0 5 0.7 0.6 2 26 2 • 1.6 
Zr 115 82 169 68 77 108 309.6 299.7 284 52 20 169 56.1 
Nb 3 8 4 3 2 4 7.8 8.4 7 2 1 4 2.3 
Ba 27 42 20 23 14 33 1.5 1.7 27 107 17 20 16.4 
Pb 3 16 2 0 0 0 . -0.1 0.4 0 3 1 2 1.4 
Th 2 4 1 0 0 0 0.9 0 * * 1 0.7 
La 6 46 . 	8 3 0 5 6.9 10.7 12 4 5 8 0.9 
Ce 22 53 22 8 6 13 35.4 24.7 30 9 2 22 9.2 
Nd 12 44 14 6 6 6 30.9 19.1 21 8 1 14 6.3 
V 26 40 32 20 21 25 77.8 72.5 65 22 11 32 19.8 
VSSL CANGALDAG COMPLEX Ophiolitic 	Lavas 
Pen153 Pen Tu9033 E89209 E89142 443b 443a ELEK Tu9014 Tu9015 Tu9031 4 
SiO2 40.72 46.34 66.73 58.97 55.82 58 56.85 48.91 54.81 48.24 50.94 
A1203 12.15 15.27 15.79 15.04 15.9 15.09 18.41 12.81 14.68 16.09 15.5 
Fe203 7.06 14.78 3.61 9.63 8.45 9.44 9.9 9.87 10.5 9.69 11.13 x 
MgO 5.11 9.91 1.9 3.39 3.97 3.66 2.84 5.27 3.83 5.22 7.26 
CaO 15.94 5.41 3.51 4.51 9.31 7.82 1.1 8.92 7.12 14.05 8.26 
Na2O 3.94 3 5.66 4.26 4.05 2.46 7.15 3.64 5.11 2.35 4.23 
K20 0.041 0.61 0.481 0.02 0.11 0.14 0.13 0.69 0.14 0.169 0.173 
T102 0.546 0.91 0.425 0.8 0.56 0.52 0.78 0.98 1.641 1.2 1.339 
K20 0.156 0.2 0.06 0.21 0.1 0.14 0.11 0.16 0.191 0.194 0.23 
P205 0.077 0.12 0.132 0.18 0.05 0.06 0.22 0.08 0.234 0.135 0.15 
LOI 1.7 2.56 1.92 2.81 2.55 8.71 1.5 2.32 1.21 
Total 85.74 96.55 99.98 99.57 100.23 100.13 100.05 100.04 99.75 99.66 100.42 
Ni 92.5 112 18.6 12 64 34 31 16 8.6 61.4 39 
Cr 315.1 491 40.3 4 126 10 4 6 24.4 254.7 89.4 
V 216.1 368 54.9 145 204 273 220 246 273.6 277.6 258.9 
Sc 34 52 6.4 30 40 40 34 30 34.3 45.8 44.6 
Cu 62.5 1 4.5 25 33 17 * 50 567.9 22.5 280.1 
Zn 60.4 144 22.5 126 86 68 47 107 82.8 51.4 114.3 
Sr 40 35 167.9 184 232 117 143 146 157 342.6 193.6 
Rb 0.3 10 9.8 * 1 2 2 8 1.5 2.3 2 
Zr 35.5 32 131.6 54 44 44 36 62 147.5 101.3 101 
Nb 2.2 1 6.5 2 2 2 2 2 5.8 4.4 4.3 
Ba 9.1 6 103.2 • 11 15 * 40 3.2 2.9 38.1 
Pb 1 0 7 • 9 3 3 3 1.2 0.5 2.3 
Th -0.3 0 10 * * 2 • 2.2 1.3 0.3 
La 2.5 1 21.8 • 1 3 4 1 9.7 2.3 3.2 
Co 10.2 3 38.6 8 4 7 8 2 28.1 13.4 17.6 
Nd 7.1 0 16.2 5 3 5 4 5 14.8 12.8 9.4 CA 
Y 13 14 14.8 17 19 18 14 20 44.2 30 29.6 
cA&PL-G (OIPL 
Ophiolitic Lavas Sheeted Dykes EL 
Tu9041 Tu9042 Tu9025 Tu9058 Tu9023 Tu9056 Tu9029 Tu9032 Tu9081 Tu9094 Tu893 
SiO2 53.4 58.87 54.05 55.4 49.51 49.08 48.17 49.37 48.48 53.83 50.84 ' 
A1203 16.28 12.8 13.2 13.39 15.45 14.51 16.72 16.7 16.7 15.99 14.99 
Fe203 9.5 8.23 9.51 12.24 10.17 11.23 9.63 8.85 9.1 7.37 11.83 X 
MgO 5.87 1.74 7.05 4.92 7.46 6.98 9.76 9.22 9.68 7.4 6.46 
CaO 6.47 8.71 8.5 6.05 11.17 7.2 4.59 4.72 4.8 7.44 6.55 
Na2O 5.62 4.7 4.42 498 3.13 4.62 4.44 4.72 4.41 2.53 3.8 
K20 0.155 0.199 0.211 0.102 0.186 0.425 0.328 0.385 0.625 1.082 0.97 

























LOl 1.37 2.94 1.41 0.64 1.27 3.45 4.54 4.15 4.43 3.29 2.49 
Total 100.21 99.74 99.65 99.03 99.82 99.31 99.97 99.64 99.66 99.9 100.18 
Ni 35.7 0.6 34.1 6 59.4 41.4 220.7 178.6 227.8 156.5 31 
Cr 126.5 10.3 117.5 30.1 224.6 89.2 423.9 374.2 498.3 450.3 77 
V 238.3 163.9 263.3 406.3 270.4 299.4 204.6 194 79.8 158.3 282 
Sc 31.9 18.3 42.5 42.8 45.1 43.8 27.6 28.8 29.2 26.5 38 
Cu 25.7 13.8 124.3 15.8 88.5 57.7 47.6 42.3 35.6 46.4 39 
Zn 63.9 67.9 118.3 67.2 41.9 93.2 78.5 76.6 80.4 66.4 112 
Sr 177.2 137.9 100.1 108.7 192.4 140.2 124.6 134.9 121.5 183.5 196 
Rb 1 2 1.9 0.8 1.3 5.1 6.9 8.9 17.2 29.8 22 
Zr 91.4 105.9 72.2 97.6 80.7 106.5 146.8 134.7 128.1 101.4 157 
Nb 4.1 3.7 3.1 4.1 3.3 3.7 4.6 5.3 3.7 4.9 6 
Ba 19.3 16.7 12.8 17.4 74.6 29.1 42.9 64.5 79.8 174.1 17 
Pb 1.6 2.1 1.6 1.6 2.3 4.7 2.5 5 4 4.9 0 
Th 0.1 2.2 1.4 0.2 0.5 0.2 0.4 1.4 0.7 3.8 0 
La 3.6 3 3.2 3.6 2.6 0.8 6.5 10.1 6 7.6 5 
Ce 20.7 18.9 13.6 7.1 9.3 18.1 29 33 15.4 24.3 15 
Nd 15.2 13.4 9.2 14.4 13.4 18.6 16.9 16.2 7.5 10.6 12 ch 
V 28.5 38.3 22.9 34.8 28.2 33.8 24.6 23.7 22.4 18.1 42 
CA 
PJC-,LAG (OAL)s Enriched Lavas 
Tu8931 	Tu8922 
SiO2 55.62 49.99 
A1203 14.28 15.68 
Fe203 8.51 12.96 
MgO 4.44 5.87 
CaO 6.15 5.6 
Na20 5.65 5.31 
K20 1.64 0.75 
TiO2 2.05 2.04 
K20 0.18 0.21 
P205 0.25 0.31 
LOl 1.59 1.93 
Total 100.35 100.63 
Ni 26 31 
Cr 30 39 
V 232 270 
Sc 42 40 
Cu 4 37 
Zn 97 138 
Sr 108 109 
Rb 28 14 
Zr 189 232 
Nb 7 7 
Ba 97 39 
Pb 1 0 
Th 0 0 
La 6 8 
Ce 22 23 
Nd 18 18 
V 49 60 
I 
c Pt MCPLiD& (O/1r\PLEY 
Phyflites KiracT. Cat So5 Cat D. 1 Cat D. 2 Cat D. 3 Cat 0.4 Cat D. 6 Cat D. 8 Cat D. 9 
SiO2 41.35 54.37 457 52.79 67.31 71.19 64.73 58.37 57.94 43.87 
A1203 31.6 25.54 28 23.66 16.36 13.39 16.56 19.96 20.77 32.47 
Fe203 9.16 5.61 9.68 9.02 6.32 6.79 7.21 7.89 7.56 6.43 
MgO 2.83 1.56 2.55 2.2 1.47 1.57 1.59 2.18 2.05 1.77 
CaO 0.42 0.25 0.35 0.45 0.19 0.28 0.33 0.55 0.3 0.14 
Na20 1.6 2 2.02 1.49 1.17 0.8 1.79 2.62 1.53 2.42 
K20 5.544 4.141 4.623 3.921 2.743 2.306 2.678 2.907 3.297 5.674 
TiO2 1.318 1.075 1.145 0.975 0.598 0.555 0.711 0.867 0.841 1.276 
MnO 0.097 0.091 0.16 0.075 0.333 0.235 0.349 0.124 0.045 0.112 
P205 0.267 0.19 0.254 0.186 0.087 . 0.091 0.091 0.167 0.176 0.067 
LOl 6.59 5.03 5.89 5.18 3.54 3.13 3.76 3.96 4.92 5.8 
Total 100.7 91 78.8 95.5 76.4 71.9 78.1 73 77.5 75.6 
Ni 234 209.8 184.8 170.5 115.5 90.7 128.4 139.6 148 231.1 
Cr 340.5 288.9 252.3 235.8 172.4 132.4 225.7 216.5 198.4 364.7 
V 35.1 26.8 27.2 25.1 14.8 13.1 16.3 18 23 33.6 
Sc 44.4 76.9 23.6 70.5 76.4 59 66.3 44.3 47.4 24.6 
Cu 150.6 129.7 162.2 172.5 132.8 142.6 131.8 129.9 129.5 103.9 
Zn 153.4 156.6 181 111.4 85.5 47.6 112.5 70.7 112.5 141.9 
Sr 242.7 207.3 209.8 191 136.5 115.8 161.4 125.5 163 273.9 
Rb 225.8 217.5 315.1 186.9 118 110.5 163.5 191.2 163.7 235.5 
Zr 25.4 20.2 21.6 18.6 11.6 11.9 16.6 15.8 16.1 25.5 
Nb 648.7 563.4 525.6 480.5 348.8 292.5 340.5 327.1 359.3 685.9 
Ba 18.3 11.3 17.4 15.6 23 32.3 13 38.7 9.9 6.9 
Pb 14.5 21 19.8 16.2 11 8.5 12.4 12.5 15.6 15.5 
Th 39.8 63.8 48.2 53.8 31.3 19.2 32.2 36.2 46.4 63.2 
La 95 142.4 97.2 108.8 61.9 60.8 80.3 65.4 97.6 124.3 
Nd 	 . 26.6 46.6 36.3 39 20.7 12.1 21 21.5 39.2 40.4 
Ce 27.3 34.8 28 31.2 18.7 17.4 28.8 24 28.6 36 
Y 3.237 3.596 3.796 4.1 4.299 4.325 4.535 3.619 3.688 3.633 
BAVAM MELANGE LAVAS 
E89123 E89140 E89102 E899 E8910 E89209 TAS1 E26 E87 
SiO2 60.36 53.96 53.52 73.98 48.61 58.97 53.11 47.12 52.87 
A1203 16.22 16.29 15.99 12.91 15.19 15.04 14.61 17.21 15.16 
Fe2O3 7.86 11.48 11.54 3.2 10.07 9.63 9.86 6.8 9.6 
fD 5.34 4.96 4.94 1.24 7.46 3.39 7.48 8.36 6.51 
CaO 0.67 4.16 5.98 1 12.43 4.51 7.91 11.96 8.74 
NO 4.81 4.39 4.3 6.35 2.79 4.26 3.27 2.73 2.93 
K20 0.87 0.51 0.17 0.02 0.25 0.02 0.29 0.04 p .02 
Ti02 0.6 0.79 1.26 0.26 0.87 0.8 0.81 0.61 0.9 
MO 0.16 0.15 0.17 0.04 0.17 0.21 0.15 0.12 0.16 
P205 0.05 0.1 0.12 0.05 0.06 0.18 0.06 0.04 0.07 
LOl 3.24 3.55 2.61 1.25 3.07 2.56 3.53 
Total 100.18 100.34 100.59 100.3 100.98 99.58 101.09 94.98 96.95 
Ni 26 17 23 6 78 12 47 129 44 
Cr 71 6 9 167 4 117 516 72 
V 176 206 359 12 304 145 281 206 289 
Sc 25 35 33 12 51 30 48 48 34 
Qj 36 84 46 1 65 25 90 6 49 
Zn 87 117 94 18 72 126 60 31 77 
Sr 35 83 97 33 178 184 20 26 108 
Fb 9 5 1 6 7 * * 
Zr 72 35 77 57 48 54 40 35 50 
Fb 3 3 3 1 2 2 2 1 2 
Ba 113 49 9 a 27 * 11 23 10 
Pb 2 2 3 2 * * 1 2 2 
Th a a a 1 * * * * 
La 3 3 4 3 * * 7 2 
OD 7 7 6 6 8 1 * 
1kJ 4 1 6 5 4 5 1 8 4 CA 
Y 14 25 30 25 21 17 20 15 21 
cm 
Eclogites 	TU92.210 TU.92.400 TU.92.405 TU.92.436.TU.92.436.:TU.92.441 TU.92.464 TU925-6 Th925-7 TU92Y1 
SiO2 48.06 48.68 50.35 44.6 44.43 48.07 48.58 48.8 47.9 49.44 
A1203 14.63 12.1 12.28 13.02 12.99 14.52 12.27 12.13 13.74 13.79 
Fe2O3 11.19 11.3 9.49 16.05 15.77 11.47 11.02 12.34 12.39 13.52 
MgO 7.47 6.82 7.62 8.17 8.2 6.96 6.12 8.13 7.66 7.13 
CaO 11.7 12.5 14.03 9.87 10.04 12.33 14.12 11.08 11.09 9.02 
Na20 4.13 5.28 3.2 4.19 4.17 4.01 4.95 4.92 4.43 4.96 
K20 0.008 0.066 0.012 0.025 0.017 0.15 0.001 0.055 0.01 0.145 
T02 1.582 1.767 0.768 2.175 2.231 1.563 1.569 1.785 1.629 1.864 
MnO 0.171 0.194 0.242 0.304 0.274 0.174 0.212 0.206 0.25 0.194 
P205 0.089 0.029 0.141 0.279 0.307 0.15 0.173 0.054 0.047 0.18 
LOl 0.93 1.44 1.75 1.62 1.61 0.74 0.83 0.33 0.03 0.07 
Total 99.96 100.18 99.88 100.31 100.04 100.13 99.88 99.83 99.18 100.31 
Ni 80.6 64.8 73.4 56 53 71.2 19 69.1 100.1 51.6 
Cr 127.8 167.6 321.4 75.1 74 210.8 31.3 120 232.2 91.6 
V 334 342.7 201.6 388.2 383.9 294.2 352.4 362.2 358.9 342 
Sc 48.5 47.6 27.3 41.5 39.6 38 31.7 44 43.1 39.3 
Cu 64.1 41.3 26 95.6 88.7 54.9 14.8 25.5 53.9 11.4 
Zn 76.6 63.2 59.6 100.2 97.2 80.4 50.8 53.4 53.2 83.9 
Sr 158.1 682.9 159.9 216 307.4 74.2 416.4 16.9 84.7 30.8 
Rb 0.9 1.9 0.8 1.2 0.8 4.5 0.5 2.2 1.6 1.5 
Zr 109.2 171.4 56.2 156.5 164.7 112.5 118.2 127.2 117.4 133.2 
Nb 4.4 5.1 5 7.1 7.1 5.1 3.2 6.1 5 6 
Ba 6.7 33.8 1.3 7.9 6.2 23.2 0.4 17 6.7 9.3 
Pb 2.4 9.7 0.5 7.1 6.6 1.2 10.3 1 1.9 0.5 
Th 1.1 0.2 0.9 0.8 0.6 2.7 0.3 0.2 1.5 2.3 
La 0.9 3.6 2.2 2.4 4.3 0.3 3.3 0.6 1.8 1.6 
Ce 6.1 6.8 3.8 17 8.5 11.5 9.8 12.2 5.7 19.7 
Nd 5 8.4 1.9 4 5.1 6.9 5.7 2.9 1.3 4.2 
Y 35.4 40.4 21.7 51.1 51.5 34.6 26.8 39.8 58.9 40.5 
DOIv'UZDAC- SARAYCIKDAG COMPLEX 
Dom-Sar. Camp. TU8912 TU8983 flJ8986 TU8913 C1f40 TU8921 TU9147 TU906 TU9095 E89100 E89102 TUBAD2 
SiO2 48.38 48.56 49.21 46.02 48.49 45.55 47.91 47.32 46.79 48.62 53.52 51.91 
A1203 13.23 14.25 13.19 14.41 13.52 13.99 13.32 13.53 14.11 15.03 15.99 15.62 
Fe203 15.83 12.83 13.82 16.53 13.96 14.15 14.9 13.75 11.04 12.45 11.54 11.32 
MgO 6.12 7.49 5.57 5.61 6.4 7.21 5.36 6.14 5.95 7.62 4.94 6.08 
CaO 7.18 7.21 8.42 9 6.11 12.26 10.39 9.1 10.73 9.83 5.98 5.5 
Na20 3.98 4.33 3.87 3.38 4.25 2.27 2.91 3.82 3.78 3.06 4.3 5.36 
1(20 0.8 0.05 0.07 0.41 1.31 0.64 0.286 0.092 0.426 0.41 0.17 0.01 
1102 2.01 2.02 2.01 2.35 1.89 1.73 2.639 2.362 1.944 1.69 1.26 1.56 
MnO 0.24 0.22 0.13 0.33 0.23 0.19 0.201 0.215 0.168 0.23 0.17 0.15 
P205 0.22 0.23 0.25 0.21 0.17 0.18 0.295 0.221 0.232 0.2 0.12 0.15 
LOl 2.7 3.16 3.25 2.29 4.08 1.01 1.93 3.11 4.57 1.46 2.61 3.16 
Total 100.69 100.36 99.81 100.54 100.41 99.18 98.22 99.67 95.17 100.59 100.59 100.81 
Ni 53 46 58 61 60 89 38.7 51.1 50.6 76 23 37 
Cr 47 56 140 38 109 243 50 108 201.7 212 9 34 
V 435 355 302 463 370 426 446.1 420.3 297.4 321 359 295 
Sc 50 49 50 54 48 57 42.3 44.9 40.3 45 33 45 
Cu 73 54 22 55 60 29 64 52.3. 69.2 94 46 31 
Zn 156 112 118 163 156 122 132.5 124.9 101.8 93 94 79 
Sr 97 85 92 172 63 80 203.1 156.3 197.7 118 97 45 
Rb 20 0 1 10 32 9 4.5 1 10.6 4 1 - 	 0 
Zr 126 152 119 152 120 92 202.2 167.8 157.2 129 77 107 
Nb 7 7 4 8 8 5 8.3 5.9 8.2 6 3 3 
Ba 89 3 14 48 135 27 8.1 1.2 24.5 9 9 9 
Pb 1 0 1 7 1 1 2.7 5.3 3.3 0 3 0 
Th 0 0 0 0 0 0 1.7 1.8 0.2 0 0 0 
La 4 5 1 4 5 1 2.8 2.5 1.3 7 4 3 
Nd 8 13 11 13 11 6 28.2 13.2 22.5 14 7 9 
Ge 7 8 6 9 9 9 8.2 14.3 12.7 11 6 8 cm 
V 47 42 39 53 39 40 61 54.5 40.3 36 30 32 
omu-oP 	SUAC' COAPL 
Dom-Sar. Comp. TU89102 	E893 E8930b E8930a TU9065 TU9063 TU9064 TU9066 TU9151 T1J9131 
SiO2 47.27 52.66 50.38 49.14 44.71 47.92 48.57 46.75 48.02 49.35 
A1203 13.68 15.11 16.5 16.46 12.29 15.15 15.3 14.39 15.75 14.19 
Fe203 12.9 13.03 9.23 9.48 5.89 10.72 10.9 9.08 10.19 11.56 
MgO 8.23 6.62 6.74 7.46 4.42 7.76 7.82 5.97 5.58 7.99 
CaO 6.56 3.36 11.38 10.52 15.06 9.72 8.78 10.73 9.1 9.96 
Na2O 4.18 5.02 3.42 3.31 3.71 2.87 3.01 3.56 4.4 2.71 
1(20 0.06 0.03 0.57 0.47 0.671 0.032 0.025 0.473 0.524 0.043 
1102 1.13 1.47 1.22 1.31 0.787 1.444 1.494 1.153 1.527 1.349 
MnO 0.18 0.19 0.14 0.14 0.247 0.197 0.185 0.155 0.158 0.169 
P205 0.1 0.12 0.12 0.15 0.129 0.151 0.16 0.145 0.191 0.112 
LOl 6.47 3.06 2.02 11.8 3.9 3.4 7.44 4.59 2.92 
Total 100.76 100.68 99.7 100.45 99.71 95.96 96.24 92.4 95.44 97.42 
Ni 81 15 87 69 80.5 94.3 99.8 82.2 143.4 81.9 
Cr 58 4 331 318 208.5 303.7 309.6 206.2 353.8 195.6 
V 356 403 249 238 165.8 265.6 266.1 244.2 277 362.6 
Sc 62 37 45 45 19.9 42.7 45.2 28.2 39.3 46 
Cu 76 58 69 75 47.8 61.5 66.3 57.7 66.5 75.8 
Zn 100 94 73 81 65 89.1 93.6 90.1 85.4 89.6 
Sr 65 62 199 182 260.1 167.5 163.1 163.1 208.6 119.6 
Rb 0 0 19 9 24 0.3 0.8 15.3 14.7 0.7 
Zr 56 78 90 106 90.3 115.6 119.9 92.2 120 78.9 
Nb 5 3 3 3 5.9 4.2 4.4 4.3 13.4 2.5 
Ba 19 0 57 45 108.8 -1.9 -1.9 61.2 99.8 -26.9 
Pb 1 0 0 2 10.8 7.2 6.9 6.1 6.5 4.2 
Th 0 0 0 0 4.2 0.9 -0.4 1.2 -0.5 -1 
La 4 4 3 4 5.6 2.7 3.5 0.8 12.3 3.4 
Nd 1 6 10 9 13.5 9.2 18.5 15.3 36.1 23.7 
Ce 2 6 8 8 9.9 11.7 13.4 8.1 11.2 6.7 
Y 28 30 27 26 22.5 32.6 33.7 27.9 36.5 
fOMU%P\(y SAC-c)P\Cy 	(SL 
Pelite-psammite KilIcli 4 KIlicil 5 KiliclI 7 KilicIl 8 Kilicli 11 Kilicli 12 Kilicli 20 Kilicli 22 Imamlar 16 Imamlar 17 Imamlar 18 Imamlar 19 
Si02 50.16 51.35 85.08 65.41 81.05 80.98 73.74 66.74 59.49 68.05 70.94 48.08 
AJ203 26.71 25.89 6.22 17.7 8.61 9.07 16.17 16.7 12.6 12.49 14.43 28.32 
Fe2O3 8.77 9.42 2.75 6.36 3.8 3.65 1.04 5.51 4.81 4.59 5.94 5.51 
MgO 1.89 1.79 1.52 0.83 1.2 0.66 0.65 2.26 1.39 1.08 1.25 2.41 .4 
CaO 0.22 0.15 0.41 0.24 0.14 0.08 0.04 0.83 0.28 3.77 0.31 0.06 
Na2O 1.45 1.3 0.68 1.01 0.79 0.45 1.34 0.9 0.5 1.56 1.56 1.02 
K20 4.427 4.101 1.818 3.348 1.654 1.939 2.656 2.937 2.956 2.003 1.402 7.862 
TiO2 1.265 1.072 0.288 0.663 0.393 0.399 0.696 0.69 0.527 0.697 0.667 1.39 
K20 0.257 0.245 0.087 0.228 0.229 0.083 0.011 0.119 0.079 0.057 0.111 0.036 
P205 0.147 0.112 0.036 0.153 0.049 0.052 0.033 0.125 0.072 0.099 0.195 0.017 
101 5.24 5.16 1.56 4.22 2.49 2.77 3.75 4.4 3.62 5.59 3.55 5.36 
Total 99.271 99.518 100.161 99.499 100.012 99.734 99.43 100.521 85.797 99.289 99.688 98.675 
Ni 70.4 55.1 38.5 72.9 37.3 46.2 83.4 9.9 55.7 41.3 56.3 65.5 
Cr 193.7 182.7 37.1 117.1 51.2 60.8 184 93.1 107.6 107.4 110.4 236.3 
V 242.9 236 45.8 212.7 60.2 79.8 131 107.6 140.7 107.1 124.6 254.8 
Sc 21 22.1 5.5 16.8 14.2 17.2 16.3 21.9 13.8 14.6 17.2 28.1 
Cu 73.6 53.4 34.5 116.8 25.8 21.6 32.5 1.5 30.1 25 50.2 35.3 
Zn 140 143.4 55.4 124.3 64.8 79.9 91 21 107.5 78.7 93.8 138.6 
Sr 100 93.5 12.4 63.8 41.5 51.9 71.6 87.6 48 80.4 95.8 81.5 
Rb 207 191.8 58.8 136.6 74.8 74.8 122.6 108.1 148.1 91.2 70 389.2 
Zr 253.6 220.1 57.2 133.7 72.5 77.8 187.6 162.2 126.4 184.8 155.3 255.5 
Nb 23.2 21.3 8.1 13.7 7.1 8.4 13.3 14.2 12.9 13.9 13 28.1 
Ba 585 593.9 161.8 440.7 230.3 191.2 472.1 376.4 397.7 287.9 242.7 1077.2 
Pb 15.7 13.2 8.7 12.2 12.2 9.6 6.5 15.4 19.5 17.9 29.8 8.7 
Th 22.2 18.8 5.1 13 5.3 6.2 11.7 12.6 5.8 9.8 12.1 24.1 
La 30.4 21.9 15.4 40.7 23 18.7 39.6 39.4 40.4 25.3 22.4 25.1 
Ce 118.1 62.3 37.9 83.7 67 59.7 67.5 84.7 71.2 67.6 72.1 103 
Nd 34.4 21 7.6 28.5 20 6.4 26.8 32.2 27.9 21 21.6 20.9 CA 
V 34.5 20.4 10.7 24.4 12.1 13 22.4 20.6 23.5 21.7 26 7.5 
Co/J.PL-&)c 
Pelite-psammite Domuzdag 2 lmamlarT17 Imamlar14 lmamlar8 Imamlar3 lmamlar4b lmamlar4a Imamlar5-6 lmamlar9 t 
SiO2 79.35 80.36 78.83 62.43 67.97 68.64 67.29 65.09 67.37 
A1203 11.33 10.33 10.6 20.44 15.97 18.14 18.1 20.71 16.16 
Fe2O3 3.06 2.62 3.85 6.82 5.17 1.77 5.67 6.87 6.49 
MgO 0.75 0.78 1.04 2.05 1.2 1.06 1.49 3.67 1.52 
CaO 0.12 0.2 0.18 0.38 0.31 0.22 0.54 0.91 0.62 
Na2O 1.42 0.52 1.06 1.51 0.85 0.7 0.7 1.49 0.9 
K20 1.444 2.708 1.752 3.338 3.733 4.791 3.899 2.722 3.467 
T102 0.469 0.494 0.405 0.869 0.707 0.811 0.764 0.728 0.609 
K20 0.016 0.061 0.033 0.093 0.05 0.02 0.279 0.407 0.33 
P205 0.076 0.068 0.12 0.101 0.149 0.145 0.145 0.13 0.101 
LOl 2.26 2.09 2.24 4.14 4.01 3.65 2.93 3.76 3.22 
Total 99.826 99.737 99.705 101.302 99.412 99.136 101.043 105.759 100.178 
Ni 25.1 23 37.1 66.9 32.2 22.6 34 193.7 79.9 
Cr 76.3 83.4 74.2 156.7 130.3 136.2 133.7 184.1 115.8 
V 71.4 67.3 106.2 181.1 142.3 160.8 160.7 169.2 160.4 
sc 9.8 9.2 9.8 20.5 16 10.9 14.2 18.1 18.2 
Cu 4.8 14.2 27.3 58.2 209.9 40.5 46.6 74.6 59 
Zn 52.6 45.5 66 132.8 77.2 49.1 68.6 99.9 100.3 
Sr 71.5 26.3 65.9 58.3 65.7 120.3 94.2 62 54.6 
Rb 57.9 109.9 83.9 149.3 139.3 124.1 115.7 92.5 168 
Zr 188.7 193.9 87.9 183.6 179.6 190.7 171.2 143.3 123.1 
Nb 11.2 10.5 9.5 17.1 14.6 12.8 14.1 13.9 14.3 
Ba 231.8 388 264.2 442.4 396.3 421 364.6 368.2 505.5 
Pb 14.1 5 18.8 14.6 59 26.5 28.1 16.1 7.8 
Th 8 8.2 6.1 13.5 12.2 10.5 13.4 11.5 12.9 
La 17.4 18.3 16.1 38.5 23.4 12.9 9.6 29.7 24.2 
Ce 60 48.2 38.4 82.1 52.4 55.5 66.5 73.6 67 
Nd 15.6 16.8 15.4 32.8 12.7 13.6 13.7 19.6 23.7 
V 14.3 17.4 15.1 26 24 26.3 24.7 22.9 28.4 - 
GUMJSOLUGU TU904 TU906 TU9069 TU9070 TU9071 TU90191 TU9091 TU9098 TU9096 91901mam2 TU903 TU.91.140 t 
SiO2 44.74 47.32 45.98 46.13 46.93 46.1 46.7 47.53 42.59 48.33 44.91 49.07 
A1203 12.56 13.53 15.02 16.3 14.91 15.65 15.73 13.7 13.52 16.12 11.39 17.21 
Fe2O3 12.78 13.75 14.72 11.81 13.15 10.63 10.4 15.47 14.05 13.34 13.17 12.7 
MgO 9.92 6.14 6.03 6.57 4.84 4.11 4.2 4.71 3.87 4.15 11.83 3.78 
CaO 7.09 9.1 4.16 5.74 7.81 7.28 6.65 10.78 11.45 5.84 10.43 4.98 
Na2O 3.35 3.82 3.63 4.05 4.5 3.94 4.12 1.92 5.08 5.14 1.97 5.18 
K20 0.655 0.092 2.567 1.745 1.39 3.023 2.913 0.502 0.216 0.557 0.872 2.285 
TiO2 2.202 2.362 2.585 2.894 2.945 2.703 2.704 2.444 2.092 2.425 1.93 1.936 
MnO 0.165 0.215 0.216 0.205 0.203 0.1 0.1 0.162 0.13 0.22 0.216 0.188 
P205 0.414 0.221 0.339 0.361 0.487 0.985 0.987 0.317 0.235 0.388 0.481 1.157 
LOl 4.01 3.11 3.24 4.78 2.45 4.96 4.37 2.27 6.58 3.39 2.14 1.83 
Total 97.9 99.67 98.5 100.59 99.63 99.48 98.87 99.78 99.81 99.9 99.33 100.31 
Ni 334.7 51.1 145.7 136.4 119.7 21.8 21.7 53 49.2 61.5 313.9 5.5 
Cr 486.8 108 189.8 186.2 188.5 10.9 7.6 88.5 55.3 136.1 695.1 
V 180.8 420.3 216.7 258.6 210.6 138.2 132 404.5 343.2 257.4 202.2 40.4 
Sc 19.4 44.9 26.9 26.9 24.1 14.4 15.9 37.2 38.4 31.1 17.6 2.9 
Cu 52.7 52.3 39.1 54.4 52.8 34.3 33.9 40.7 47.2 68.8 19.6 7.8 
Zn 132.6 124.9 163.5 149.8 112.5 121.3 122.5 125.8 123.6 133.7 156.7 176.9 
Sr 208.1 156.3 189.1 206.1 317.1 473.9 472.2 436.7 296.9 359.6 111.2 355.2 
Rb 12.8 1 73 40.7 24.2 58.4 56.7 6.9 2.1 17.3 17 46.2 
Zr 231.9 167.8 185 198.3 269.1 440.6 460.9 205.2 146.8 173.7 185.2 547.7 
Nb 40.4 5.9 35.4 37.2 61.5 92.4 94.6 25 18.7 26.2 35.5 92.5 
Ba 70.4 1.2 286.3 141.8 228.3 504.8 461.8 10.7 6.8 106.9 33.7 441.8 
Pb 5.3 5.3 14.5 17.8 4 6.5 5.5 1.1 2.7 4.1 6.4 6.4 
Th 5.2 1.8 3.6 3.6 5.6 11.1 11.9 3.8 1.5 1.3 5.8 12.5 
La 29.3 2.5 19.7 25.6 32.9 59.7 74.8 13.1 2.8 10.9 16.9 81 
Ce 63 13.2 45.2 63.6 81.9 154.3 151 39.2 37.9 28.5 65.7 161.6 
Nd 29.5 14.3 24.8 26.5 41.8 64.3 65 20.1 22.5 13.9 32.51 63.1 
V 25.2 54.5 25.2 26.4 29 30.5 31.9 36.1 35.9 31 20.1 45.4 
KUNDUZ TU.91.150 TU8923 TU8930 TU8917 TU8914 TU8916 TU8914a TU908 TU9044 TU.91.141 TU.91.143 TU.91.144 
S102 54.19 47.14 48.28 46.94 46.94 44.54 47.58 53.41 48.15 49.26 47.21 48.79 
A1203 16.51 10.86 13.35 13.83 14.63 13.82 16.9 14.93 15.05 16.67 13.16 13.51 
Fe203 7.11 14.07 13.15 13.1 12.24 13.03 10.17 11.64 12.48 10.99 11.47 15.43 
MgO 0.8 11.33 9.24 8.28 6.32 8.31 6.13 3.09 5.65 3.57 10.63 4.02 
CaO 5.14 7.21 5.56 8.93 13.15 11.37 12.84 6.01 9.64 7.52 8.3 10.09 
Na2O 6.89 3.68 4.83 3.44 2.57 1.9 2.58 3.31 3.56 3.59 3.06 1.89 
K20 1.583 0.06 0.13 0.09 0.13 0.63 0.2 0.898 0.224 0.58 0.274 0.66 
1102 1.787 1.97 2.44 2.76 1.87 2.58 1.45 1.471 2.053 2.415 2.384 2.949 
MnO 0.164 0.17 0.13 0.18 0.17 0.17 0.16 0.159 0.156 0.11 0.157 0.225 
P205 1.191 0.24 0.27 0.3 0.21 0.29 0.14 0.134 0.232 0.347 0.286 0.508 
101 4.37 3.69 3.66 2.83 2.74 4.11 2.3 4.92 2.65 4.68 3.39 2.15 
Total 99.73 99.99 101.03 100.69 100.95 100.74 100.46 99.99 99.85 99.73 100.32 99.63 
Ni 19.1 8 377 198 85 187 100 6.7 63 41.5 217 24.5 
Cr 1.4 748 383 265 452 132 26.4 102.9 112.7 513.3 25.2 
V 55.9 117 232 255 265 269 221 390.4 288.6 265.7 248 297.5 
Sc 6.9 18 35 36 36 39 32 43.5 33.6 18.4 29.2 26.2 
Cu 14.2 20 114 93 88 104 86 48.9 93.1 112.7 99.9 31 
Zn 99 62 142 133 98 122 83 102.2 108.3 83.5 109.1 116.5 
Sr 118.6 332 86 159 324 291 241 172.7 279.8 388.5 315.9 674.2 
Rb 34.3 115 3 1 2 14 3 20 3.7 12.2 7.5 0.9 
Zr 515.8 167 159 185 138 179 97 71.6 137.5 243.8 164.1 318.3 
Nb 128.9 8 15 18 14 15 9 3.4 15.1 33.6 18.9 44.1 
Ba 423.3 868 9 19 33 64 36 100.3 29.9 83.5 16 29.9 
Pb 3.2 11 2 1 0 0 0 2.3 2 4.1 1.9 3.3 
Th 11.5 9 0 0 0 0 0 1 1.3 3.4 1.1 4.5 
La 77.5 29 5 9 6 10 4 2.8 13.4 23.3 7.6 25.5 
Ce 161.7 61 16 32 25 33 15 16.3 38.3 52.2 27.6 70.1 
Nd 69.9 32 11 19 13 20 9 8.7 22.5 21 14.4 24.8 
V 49 30 22 28 25 26 17 24.8 27.6 28.6 26.3 46.4 
KUNDUZ TU.91.147 TU.91.148 TU.91.149 TU.91.152 TU.91.153 t 
SiO2 47.98 45.98 40.11 43.26 49.4 
A1203 16.79 14.88 14.38 13.4 16.93 
Fe203 11.87 13.77 16.55 13.98 11.98 x 
MgO 3.92 5.8 8.2 12.96 3.83 
CaO 8.04 10.76 6.75 5.34 6.67 
Na2O 3.11 3.12 4.35 2.22 3.85 
K20 0.787 0.255 0.027 0.11 0.562 
1102 2.674 3.423 2.5 2.502 2.804 
MnO 0.118 0.164 0.139 0.155 0.111 
P205 0.41 0.418 0.256 0.312 0.368 
LOl 4.36 2.28 6.89 6.21 3.66 
Total 100.07 100.86 100.15 100.45 100.17 
Ni 44.1 81.8 394.8 506.5 41 
Cr 55.4 60.9 1117.4 637.7 48.6 
V 276.4 352.6 272.4 265.6 283.8 
Sc 22.1 26.4 31.3 34.9 22 
Cu 119.3 82.5 96.5 96.9 115.5 
Zn 96.5 123.4 123.8 156.4 111.2 
Sr 442.9 362.3 288.3 98.5 364.9 
Rb 16.4 5 1.5 2.3 11.8 
Zr 226.5 252.8 166 166.1 232.6 
Nb 31.6 42.9 18.9 19.7 33.1 
Ba 135 40.5 7.1 20.6 98.2 
Pb 1.3 0.6 3.4 1.1 2.5 
Th 2.4 1.4 0 1.3 2.4 
La 16.1 26.5 13.4 4.1 11.3 
Ce 58 58.4 32.1 27.3 48.9 
Nd 25.7 25.6 11.4 10.4 17.2 
V 29.1 30.6 28.5 19.7 33.1 
Appendix 2: Microprobe Data 
The analyses were produced on the Cameca Camebax Microbeam at 
Edinburgh. An accelerating voltage of 20kV was used on an electron beam 
with a running current of 15.9 nA. A count time of 30 seconds was applied to 
the K-alpha peak, and 15 seconds to the background, for each elements 
analysed. Four vertical crystal spectrometers were used. Details of analytical 
procedures, precision and accuracy may be found in Wilding (1990). 
s~ jf. IKE 
PYRITE 1 2 3 4 5 6 7 8 9 10 it 12 
S 52.062 51.835 53.139 53.183 53.052 52.529 52.596 52.621 52.397 53.206 52.868 52.279 
Ag 0.013 0.107 0.051 0.07 0 0.03 0.024 0.024 0.046 0.08 0 0.032 
Sb 0.026 0 0 0 0.005 0.032 0 0.073 0 0.025 0.036 0.031 
Mn 0.013 0.023 0.015 0.012 0.017 0.013 0.039 0.013 0 0 0.021 0.012 
Fe 46.227 45.648 46.604 46.643 46.528 46.494 46.484 46.553 44.835 46.374 46.635 46.323 
Co 0.044 0.606 0.099 0.212 0.383 0.02 0.08 0.015 0.081 0.067 0.023 0.073 
Ni 0.016 0.003 0.029 0.041 0.054 0.013 0.017 0.011 0.022 0.026 0.035 0.02 
Cu 0.074 0.112 0.049 0.204 0.181 0.07 0.479 0.289 0.05 0.031 0.056 0.265 
Zn 0 0.027 0 0.018 0.001 0.018 0.034 0.013 0.046 0.042 0.025 0.027 
As 0.384 0.002 0.072 0 0.014 0.051 0 0.326 0.016 0 0.079 0.121 
Total 98.859 98.363 100.059 100.384 100.235 99.272 99.752 99.939 97.494 99.849 99.777 99.181 
S 0.6602 0.6604 0.6639 0.6628 0.6622 0.6621 0.6605 0.6603 0.6695 0.6655 0.6628 0.6605 
Ag 0 0.0004 0.0002 0.0003 0 0.0001 0.0001 0.0001 0.0002 0.0003 0 0.0001 
Sb 0.0001 0 0 0 0 0.0001 0 0.0002 0 0.0001 0.0001 0.0001 
Mn 0.0001 0.0002 0.0001 0.0001 0.0001 0.0001 0.0003 0.0001 0 0 0.0002 0.0001 
Fe 0.3366 0.3339 0.3343 0.3337 0.3355 0.3365 0.3352 0.3354 0.3289 0.333 0.3357 0.336 
Co 0.0003 0.0042 0.0007 0.0014 0.0026 0.0001 0.0005 0.0001 0.0006 0.0005 0.0002 0.0005 
Ni 0.0001 0 0.0002 0.0003 0.0004 0.0001 0.0001 0.0001 0.0002 0.0002 0.0002 0.0001 
Cu 0.0005 0.0007 0.0003 0.0013 0.0011 0.0004 0.003 0.0018 0.0003 0.0002 0.0004 0.0017 
Zn 0 0.0002 0 0.0001 0 0.0001 0.0002 0.0001 0.0003 0.0003 0.0002 0.0002 




J&e1 MASS\)E 	LP4S 
PYRITE 13 14 15 16 17 18 19 20 21 22 23 
S 51.102 51.128 53.585 51.665 50.179 52.904 53.085 52.836 53.913 52.932 53.317 
Ag 0.04 0.049 0.029 0.045 0.024 0 0.014 0.021 0.002 0.131 0.085 
Sb 0 0.003 0 0.028 0.005 0.018 0 0 0.006 0 0 
Mn 0 0.02 0 0 0 0 0 0 0 0 0 
Fe 45.186 44.593 47.19 46.49 42.774 46.939 46.618 46.4 47.123 45.99 46.715 
Co 0.104 0.086 0.058 0.113 0.078 0.078 0.041 0.051 0.088 0.474 0.039 
Ni 0.252 0.013 0.024 0.018 0.043 0.025 0 0.002 0.019 0.034 0.051 
Cu 1.759 2.626 0.04 1.01 5.291 0.077 0.02 0.039 0.01 1.215 0.421 
Zn 0.04 0.03 0.007 0.031 0.012 0.027 0.051 0.035 0.006 0.03 0.03 
As 0.251 0.114 0.005 0 0.025 0.211 0.078 0.007 0 0.161 0.034 
Total 98.507 98.663 100.936 99.399 98.431 100.28 99.907 99.391 101.167 100.967 100.691 
S 0.654 0.6538 0.6635 0.6542 0.6475 0.6608 0.664 0.6642 0.6653 0.6588 0.6627 
Ag 0.0002 0.0002 0.0001 0.0002 0.0001 0 0.0001 0.0001 0 0.0005 0.0003 
Sb 0 0 0 0.0001 0 0.0001 0 0 0 0 0 
Mn 0 0.0002 0 0 0 0 0 0 0 0 0 
Fe 0.332 0.3274 0.3355 0.338 0.3169 0.3366 0.3348 0.3349 0.3339 0.3286 0.3334 
Co 0.0007 0.0006 0.0004 0.0008 0.0005 0.0005 0.0003 0.0003 0.0006 0.0032 0.0003 
Ni 0.0002 0.0001 0.0002 0.0001 0.0003 0.0002 0 0 0.0001 0.0002 0.0003 
Cu 0.0114 0.0169 0.0002 0.0065 0.0345 0.0005 0.0001 0.0002 0.0001 0.0076 0.0026 
Zn 0.0003 0.0002 0 0.0002 0.0001 0.0002 0.0003 0.0002 0 0.0002 0.0002 





CHALCOPYRITE 13 14 15 16 
S 33.231 36.339 35.484 34.222 
Ag 0.082 0.017 0 0 
Sb 0.014 0.012 0 0.01 
Mn 0.001 0 0 0 
Fe 28.215 32.541 29.877 30.802 
Co 0.075 0.047 0.036 0.058 
Ni 0.032 0.015 0.023 
Cu 35.293 30.609 32.349 33.731 
Zn 0.022 0.048 0.034 0.01 
As 0.02 0.03 0 0 
Total 96.986 99.642 97.796 98.858 
S 0.4934 0.5152 0.5142 0.4961 
Ag 0.0004 0.0001 0 0 
Sb 0.0001 0 0 0 
Mn 0 0 0 0 
Fe 0.2405 0.2649 0.2486 0.2564 
Co 0.0006 0.0004 0.0003 0.0005 
Ni 0.0003 0 0.0001 0.0002 
Cu 0.2645 0.219 0.2366 0.2468 
Zn 0.0002 0.0003 0.0002 0.0001 
As 0.0001 0.0002 0 0 
MPosJE £uLPl- &S 
17 18 19 20 
34.13 34.656 34.369 34.536 
0 0.015 0 0.044 
0.013 0 0 0.032 
0 0 0 0 
30.944 31.159 31.043 31.136 
0.048 0.045 0.068 0.045 
0.06 0.024 0.049 0.003 
33.32 33.176 33.075 33.724 
0.035 0.029 0.06 0.03 
0.072 0.043 0.01 0.115 
98.622 99.145 98.675 99.663 
0.4959 0.4996 0.4982 0.4966 
0 0.0001 0 0.0002 
0 0 0 0.0001 
0 0 0 0 
0.2582 0.2579 0.2584 0.2571 
0.0004 0.0004 0.0005 0.0003 
0.0005 0.0002 0.0004 0 
0.2443 0.2414 0.242 0.2447 
0.0002 0.0002 0.0004 0.0002 
0.0004 0.0003 0.0001 0.0007 
21 22 23 24 
34.489 34.143 34.032 33.764 
0.015 0 0.045 0 
0.017 0 0 0.042 
0 0 0 0 
30.441 30.586 29.356 28.852 
0.045 0.031 0.026 0.052 
0 0 0.019 0.01 
33.706 33.829 34.268 34.704 
0.058 0 0.03 0.025 
0 0 0.046 0.064 
98.772 98.588 97.821 97.512 
0.4996 0.4963 0.4986 0.4971 
0.0001 0 0.0002 0 
0.0001 0 0 0.0002 
0 0 0 0 
0.2532 0.2553 0.2469 0.2439 
0.0004 0.0002 0.0002 0.0004 
0 0 0.0002 0.0001 
0.2464 0.2482 0.2534 0.2578 
0.0004 0 0.0002 0.0002 





i&_ 	 SuLP-HD 
CHALCOPYRITE 1 2 3 4 5 6 7 • 8 9 10 11 12 
S 34.17 34.228 34.463 34.828 34.219 34.064 34.109 34.091 33.956 33.861 33.637 33.341 
Ag 0.06 0.045 0.001 0 0.024 0.02 0 0.082 0.12 0.1 0.013 0.043 
Sb 0.034 0.064 0.096 0.039 0.043 0.046 0.03 0 0.026 0.02 0 0.016 
Mn 0 0 0 0 0.048 0.028 0.011 0.02 0.025 0.018 0.021 0.016 
Fe 29.339 29.281 30.247 29.166 29.717 30.288 30.147 30.163 30.167 30.251 30.437 30.335 
Co 0.037 0.042 0.048 0.04 0.029 0.046 0.02 0.057 0.042 0.043 0.064 0.074 
Ni 0.024 0.024 0.022 0.017 0 0 0.035 0.007 0.042 0.013 0.033 0.002 
Cu 35.19 35.062 33.892 33.457 34.167 33.605 33.97 33.94 32.744 33.366 34.166 33.689 
Zn 0.033 0.048 0.046 0.035 0.055 0.036 0.043 0.048 0.064 0.016 0.011 0.022 
As 0 0 0.064 0.087 0.023 0.003 0 0.008 0.008 0.097 0.014 0 
Total 98.887 98.793 98.879 97.67 98.325 98.135 98.364 98.416 97.193 97.785 98.396 97.54 
S 0.4963 0.4973 0.4991 0.508 0.4987 0.4974 0.497 0.497 0.4998 0.4966 0.4915 0.4915 
Ag 0.0003 0.0002 0 0 0.0001 0.0001 0 0 0.0005 0.0004 0.0001 0.0002 
Sb 0.0001 0.0002 0.0004 0.0002 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 0 0.0001 
Mn 0 0 0 0 0.0004 0.0002 0.0001 0.0001 0.0002 0.0002 0.0002 0.0001 
Fe 0.2447 0.2443 0.2515 0.2443 0.2486 0.2539 0.2522 0.2522 0.2549 0.2547 0.2554 0.2567 
Co 0.0003 0.0003 0.0004 0.0003 0.0002 0.0004 0.0002 0.0002 0.0003 0.0003 0.0005 0.0006 
Ni 0.0002 0.0002 0.0002 0.0001 0 0 0.0003 0.0003 0.0003 0.0001 0.0003 0 
Cu 0.2579 .0.2571 0.2477 0.2463 0.2513 0.2476 0.2498 0.2498 0.2432 0.2469 0.2519 0.2506 
Zn 0.0002 0.0003 0.0003 0.0003 0.0004 0.0003 0.0003 0.0003 0.0005 0.0001 0.0001 0.0002 
As 0 0 0.0004 0.0005 0.0001 0 0 0 0 0.0006 0.0001 0 
....J 
BORNifE 1 2 3 
S 25.948 28.37 28.023 
Ag 0.012 0.025 0.006 
Sb 0.03 0.033 0.273 
Mn 0 0 0 
Fe 12.269 6.819 14.373 
Co 0.019 0.034 0.01 
Ni 0.015 0.041 
Cu 60.99 60.964 56.678 
Zn 0.072 0.059 0.179 
As 0 0.047 0.084 
Total 99.339 96.367 99.666 
S 0.4065 0.4493 0.4304 
Ag 0.0001 0.0001 0 
Sb 0.0001 0.0001 0.0011 
Mn 0 0 0 
Fe 0.1104 0.062 0.1268 
Co 0.0002 0.0003 0.0001 
Ni 0 0.0001 0.0003 
Cu 0.4822 0.4872 0.4393 
Zn 0.0006 0.0005 0.0013 
As 0 0.0003 0.0006 
ftAA5S'3 	LP\LS 
4 	5 	6 	7 
24.871 24.581 25.407 25.163 
0.096 0.09 0.018 0 
0.004 0.022 0.01 0.026 
O 0.007 0.009 0 
5.034 11.927 11.75 3.822 
0.031 0.055 0.015 0.027 
0.01 0.043 0.027 0.011 
68.663 61.872 61.153 69.274 
0.061 0.064 0.008 0.018 
0.045 0 0 0.012 
98.815 98.661 98.397 98.352 
0.3979 0.3916 0.403 0.4035 
0.0005 0.0004 0.0001 0 
0 0.0001 0 0.0001 
0 0.0001 0.0001 0 
0.0462 0.1091 0.107 0.0352 
0.0003 0.0005 0.0001 0.0002 
0.0001 0.0004 0.0002 0.0001 
6.5543 0.4974 0.4894 0.5606 
0.0005 0.0005 0.0001 0.0001 
0.0003 0 0 0.0001 
8 9 10 12 
25.957 26.017 25.599 26.277 
0.006 0.05 0.073 0.117 
0 0 0 
0 0 0 0.017 
12.206 12.252 11.672 13.762 
0.036 0.028 0.014 0.031 
0.053 0.038 0.021 0.063 
60.739 59.77 61.696 57.376 
0.044 0.04 0.009 0.031 
0.021 0 0.005 0 
99.061 98.197 99.09 97.674 
0.4075 0.4111 0.4033 0.4155 
0 0.0002 0.0003 0.0006 
0 0 0 0 
0 0 0 0.0002 
0.11 0.1112 0.1056 0.1249 
0.0003 0.0002 0.0001 0.0003 
0.0005 0.0003 0.0002 0.0005 
0.4812 0.4766 0.4904 0.4578 
0.0003 0.0003 0.0001 0.0002 







ie±- M/kssf, SULPt-hOS 
TETRAHEDR lIE 
S 25.896 26.582 25.691 24.797 24.935 24.827 23.369 25.989 24.548 25.381 24.846 
Ag 0.145 0.027 0.034 0.047 0.132 0.079 0.07 0.02 
Sb 12.703 16.939 19.733 24.175 26.194 26.297 14.939 15.891 24.566 18.105 22.836 
Fe 0.459 4.011 2.158 1.834 0.894 0.839 0.463 0.493 1.603 1.58 0.356 
Co 0.048 0.024 0.043 0.044 0.019 0.048 0.037 0.053 0.044 0.026 0 
Ni 0.032 0.027 0.034 0.021 0.021 0.029 0.014 0.054 0.019 0.023 0 
Cu 40.704 39.65 40.489 38.382 39.218 39.041 41.208 40.855 37.719 39.179 39.312 
Zn 7.779 6.888 6.962 7.363 7.312 7.196 7.796 7.751 7.293 7.375 7.505 
As 10.971 6.297 4.624 3.154 2.047 2.049 9.378 9.127 1.918 6.69 3.134 
Total 98.735 100.417 99.761 99.804 100.688 100.325 100.204 100.345 97.79 98.43 98.031 
S 0.4416 0.4471 0.4429 0.4382 0.4403 0.4403 0.4452 0.4414 0.4429 0.4425 0.4441 
Ag 0.0007 0 0.0001 0.0002 0.0002 0 0 0.0007 0.0004 0.0004 0.0001 
Sb 0.057 0.075 0.0896 0.1125 0.1218 0.1228 0.0644 0.0711 0.1167 0.0831 0.1075 
Fe 0.0045 0.0387 0.0214 0.0186 0.0091 0.0085 0.0045 0.0048 0.0166 0.0158 0.0037 
Co 0.0004 0.0002 0.0004 0.0004 0.0002 0.0005 0.0003 0.0005 0.0004 0.0002 0 
Ni 0.0003 0.0002 0.0003 0.0002 0.0002 0.0003 0.0001 0.0005 0.0002 0.0002 0.0002 
Cu 0.3503 0.3365 0.3523 0.3422 0.3494 0.3494 0.3511 0.3502 0.3434 0.3447 0.3546 
Zn 0.0651 0.0568 0.0589 0.0638 0.0633 0.0626 0.0646 0.0646 0.0645 0.0631 0.0658 




LE- JttpoSt..) 6 3u.Lfi t* O&S 
COVELLITE 1 2 3 4 5 6 ELECTRUM 1 2 3 4 
S 28.739 30.552 31.116 30.047 30.701 29.119 S 0.137 13.071 0.778 6.58 
Ag 0.193 0.198 0.154 0.128 0.042 0.151 Ag 18.063 6.608 17.357 13.057 
Sb 0.02 0.043 0.027 0 0.074 0.005 Fe 1.288 6.462 1.871 4.095 
Mn 0 0 0 0 0 0.006 Cu 3.328 26.466 3.815 14.728 
Fe 1.634 0.624 0.889 0.661 0.684 6.321 Au 78.233 41.261 76.639 64.369 
Co 0.02 0.007 0.021 0.038 0.019 0.007 Total 101.048 93.868 100.458 102.83 
Ni 0.033 0.044 0.015 0.032 0.018 0.045 
Cu 66.131 65.957 65.055 67.328 66.137 58.047 S 0.0066 0.3367 0.0363 0.2142 
Zn 0.048 0.089 0.053 0.045 0.048 5.107 Ag 0.2599 0.0506 0.241 0.1263 
As 0.126 0.031 0 0 0 0.034 Fe 0.0358 0.0956 0.0502 0.0765 
Au 0.6164 0.173 0.5827 0.3411 
Total 96.943 97.546 97.33 98.281 97.724 98.842 Cu 0.0813 0.344 0.0899 0.2419 
S 0.4546 0.4748 0.482 0.4658 0.4757 0.4505 
Ag 0.0009 0.0009 0.0007 0.0006 0.0002 0.0007 
Sb 0.0001 0.0002 0.0001 0 0.0003 0 
Mn 0 0 0 0 0 0.0001 
Fe 0.0148 0.0056 0.0079 0.0059 0.0061 0.0561 
Co 0.0002 0.0001 0.0002 0.0003 0.0002 0.0001 
Ni 0.0003 0.0004 0.0001 0.0003 0.0002 0.0004 
Cu 0.5279 0.5172 0.5085 0.5267 0.5171 0.4532 
Zn 0.0004 0.0007 0.0004 0.0003 0.0004 0.0388 
As 0.0009 0.0002 0 0 0 0.0002 
cp 
co 
KURE CHROME SPINELS 
1 2 3 4 5 6 7 8 9 10 11 12 13 
Si 0.045 0.144 0.069 0.061 0.071, 0.076 0.07 0.047 0.055 0.108 0.077 0.106 0.184 
Ti 0.037 0.056 0.03 0.049 0.047 0.054 0.036 0.036 0.041 0.038 0.063 0.106 0.095 
A I 18.369 13.398 18.694 18.029 18.641 18.583 18.957 18.262 18.513 20.013 20.278 18.241 17.64 
Cr 51.48 44.15 52.695 50.726 52.394 49.408 52.069 52.032 53.029 46.898 46.858 47.364 44.801 
Fe 18.056 33.04 14.109 20.79 13.956 22.194 15.066 17.643 13.756 23.228 23.119 23.4 24.921 
Jbi 0.665 0.833 0.573 0.744 0.572 0.754 0.604 0.65 0.577 0.618 0.641 0.871 0.831 
Mg 11.775 6.561 14.651 9.896 14.684 9.071 13.974 11.986 14.521 9.184 9.359 7.871 8.044 
Total 100.426 98.179 100.812 100.293 100.346 100.139 100.776 100.656 100.491 100.087 100.396 97.959 96.515 
Si 0.028 0.05 0.015 0.016 0.022 0.021 0.009 0.013 0.013 0.012 0.011 0.011 0.039 
Ti 0.021 0.019 0.017 0.018 0.014 0.016 0.019 0.018 0.016 0.015 0.015 0.007 0.012 
A I 5.695 5.622 5.676 5.699 5.695 5.7 5.659 5.747 5.511 5.473 5.485 5.461 4.413 
Cr 9.915 9.574 9.932 9.916 9.917 9.946 9.962 9.9 10.121 10.17 10.167 10.263 9.751 
Fe 5.182 5.634 4.299 4.057 3.984 4.473 5.166 5.065 5.004 2.968 2.892 3.808 7.72 
0.195 0.19 0.171 0.168 0.167 0.174 0.19 0.19 0.184 0.137 0.13 0.142 0.197 
Mg 3.106 3.241 4.054 4.283 4.355 3.808 3.154 3.209 3.305 5.374 5.447 4.425 2.732 
Total 24.143 24.331 24.163 24.157 24.156 24.138 24.159 24.143 24.153 24.149 24.147 24.118 24.864 
Cr/Cr+AI 0.6351698 0.6300342 0.6363403 0.6350304 0.6352165 0.6356896 0.6377313 0.6327091 0.6474539 0.650131 0.6495656 0.6526965 0.6884355 
Mg/Mg+Fe 0.6728284 0.6086766 0.6861495 0.6910665 0.6911601 0.6892724 0.6714924 0.6780055 0.6762379 0.7053111 0.7069741 0.7051418 0.4506516 
•1 
I 
KURE CHROME SPINELS 
14 	15 	16 	17 	18 	19 	20 	21 	22 
Si 0.057 0.061 0.084 0.079 0.034 0.051 0.048 0.049 0.042 
Ti 0.087 0.094 0.075 0.08 0.095 0.089 0.082 0.08 0.08 
A I 18.63 18.838 18.884 18.567 18.146 18.645 17.829 18.435 18.441 
Cr 48.618 48.882 49.039 48.317 47.636 47.897 48.831 51.084 50.979 
Fe 19.89 18.905 18.623 20.539 23.353 23.162 22.821 14.09 13.708 
Mi 0.783 0.773 0.771 0.791 0.848 0.858 0.83 0.641 0.61 
1V 10.526 11.199 11.423 9.812 8.001 8.235 8.458 14.318 14.488 
Total 98.59 98.751 98.9 98.185 98.113 98.937 98.899 98.697 98.348 
Si 0.017 0.015 0.015 0.018 0.019 0.017 0.012 0.014 0.028 
Ti 0.007 0.006 0.009 0.009 0.01 0.007 0.007 0.008 0.007 
A I 5.437 5.432 5.441 5.437 5.635 5.526 5.411 5.396 6.044 
Cr 10.286 10.267 10.266 10.246 10.046 10.179 10.338 10.364 9.497 
Fe 3.485 2.908 4.451 2.887 4.774 3.116 3.708 2.844 4.976 
101 0.134 0.12 0.161 0.12 0.164 0.127 0.138 0.121 0.134 
kt 4.475 5.382 3.775 5.414 3.477 5.15 4.49 5.35 3.506 
Total 24.112 24.128 24.12 24.13 24.127 24.121 24.104 24.097 24.192 
Cr/Cr+AI 0.6542009 0.6539907 0.6535939 0.6533189 0.6406479 0.6481375 0.6564226 0.6576142 0.6110932 




Si 50.754 51.055 49.054 50.059 50.783 50.999 50.482 48.053 51.086 49.556 49.758 
50.818 
Ti 0.665 0.586 1.055 0.669 0.696 0.63 0.926 1.545 0.602 0.823 1.036 
0.778 
Al 3.802 3.46 4.767 3.837 3.991 3.662 5.693 5.556 3.902 4.078 4.575 
4.078 
Cr 0.63 0.341 0.031 0.29 0.242 0.293 0.409 0.016 0.465 0.158 
0.101 0.346 
Fe 6.161 6.503 9.242 7.652 7.045 6.849 6.775 10.403 6.391 7.814 
8.262 6.827. 
Mn 0.177 0.171 0.207 0.192 0.204 0.192 0.174 0.219 0.173 0.242 0.217 
0.181 
Mg 16.751 16.504 15.771 16.934 16.524 - 16.93 15.869 14.134 16.625 16.507 16.184 
16.938 
Ca 20.235 20.755 18.391 18.974 19.98 19.948 18.857 19.562 20.367 18.863 18.806 
19.43 
Na 0.286 0.263 0.259 0.244 0.253 0.252 0.721 0.303 0.244 0.262 0.293 
0.248 
Total 99.463 99.638 98.786 98.853 99.719 99.754 99.906 99.79 99.856 98.302 99.233 99.644 
Si 1.877 1.889 1.845 1.87 1.877 1.883 1.855 1.808 1.882 1.864 1.855 
1.875 
Ti 0.018 0.016 0.03 0.019 0.019 0.018 0.026 0.044 0.017 0.023 0.029 
0.022 
Al 0.166 0.151 0.211 0.169 0.174 0.159 0.247 0.246 0.169 0.181 0.201 
0.177 
Cr 0.018 0.01 0.001 0.009 0.007 0.009 0.012 0 0.014 0.005 0.003 
0.01 
Fe 0.191 0.201 0.291 0.239 0.218 0.211 0.208 0.327 0.197 0.246 0.258 
0.211 
Mn 0.006 0.005 0.007 0.006 0.006 0.006 0.005 0.007 0.005 0.008 0.007 
0.006 
Mg 0.923 0.91 0.884 0.943 0.91 0.932 0.869 0.792 0.913 0.925 0.899 
0.932 
Ca 0.802 0.823 0.741 0.759 0.791 0.789 0.743 0.789 0.804 0.76 0.751 
0.768 
Na 0.021 0.019 0.019 0.018 0.018 0.018 0.051 0.022 0.017 0.019 0.021 
0.018 







Si 51.107 52.007 51.156 49.823 50.818 50.812 50.883 52.335 52.949 52.261 52.019 
Ti 0.764 0.71 0.648 0.808 0.65 0.664 0.743 0.528 0.415 0.467 0.511 
Al 3.879 8.912 4.217 4.893 4.162 3.798 4.83 2.338 1.797 2.284 2.448 
Cr 0.359 0.039 0.703 0.248 0.55 0.212 0.058 0.133 0.132 0.194 0.182 
Fe 6.581 6.765 6.588 8.028 6.75 6.847 7.276 6.323 6.048 5.924 6.062 
Mn 0.173 0.148 0.176 0.219 0.177 0.171 0.174 0.17 0.166 0.143 0.165 
Mg 16.119 11.547 16.452 16.58 16.795 16.02 15.036 16.815 16.89 16.771 16.591 
Ca 20.541 16.362 19.231 17.804 18.819 20.443 19.066 21.171 21.226 21.179 21.291 
Na 0.273 2.44 0.248 0.283 0.247 0.264 0.999 0.221 0.208 0.205 0.199 
Total 99.796 98.931 99.418 98.685 98.968 99.23 99.065 100.034 99.832 99.428 99.469 
Si 1.886 1.905 1.888 1.859 1.884 1.888 1.89 1.925 1.947 1.93 1.923 
Ti 0.021 0.02 0.018 0.023 0.018 0.019 0.021 0.015 0.011 0.013 0.014 
Al 0.169 0.385 0.183 0.215 0.182 0.166 0.212 0.101 0.078 0.099 0.107 
Cr 0.01 0.001 0.021 0.007 0.016 0.006 0.002 0.004 0.004 0.006 0.005 
Fe 0.203 0.207 0.203 0.251 0.209 0.213 0.226 0.194 0.186 0.183 0.187 
Mn 0.005 0.005 0.006 0.007 0.006 0.005 0.005 0.005 0.005 0.004 0.005 
Mg 0.886 0.63 0.905 0.922 0.928 0.887 0.832 0.922 0.926 0.923 0.914 
Ca 0.812 0.642 0.76 0.712 0.747 0.814 0.759 0.834 0.836 0.838 0.843 
Na 0.02 0.173 0.018 0.02 0.018 0.019 0.072 0.016 0.015 0.015 0.014 







Si 50.832 52.84 52.961 52.959 51.876 53.125 52.332 52.72 51.749 53.07 
TI 0.388 0.4 0.418 0.397 0.594 0.466 0.563 0.453 0.689 0.429 
Al 3.187 1.87 1.617 1.922 2.423 1.621 2.442 1.607 2.631 1.882 
Cr 0.122 0.13 0.077 0.163 0.027 0.054 0.049 0.055 
Fe 7.083 5.89 6.319 5.939 7.543 6.605 6.99 7.546 7.511 7.02 
Mn 0.164 0.147 0.181 0.172 0.203 0.17 0.193 0.218 0.193 0.196 
Mg 16.644 16.93 17.224 17.289 16.522 17.157 16.693 16.851 15.982 17.563 
Ca 19.834 21.391 21.048 20.782 20.057 20.729 20.384 20.131 20.873 19.566 
Na 0.203 0.188 0.184 0.209 0.224 0.218 0.217 0.191 0.231 0.193 
Total 98.558 99.786 100.029 99.832 99.471 100.144 99.863 99.717 99.859 99.975 
Si 1.9 1.943 1.945 1.944 1.924 1.949 1.928 1.949 1.916 1.948 
Ti 0.011 0.011 0.012 0.011 0.017 0.013 0.016 0.013 0.019 0.012 
Al 0.14 0.081 0.07 0.083 0.106 0.07 0.106 0.07 0.115 0.081 
Cr 0.004 0.004 0.002 0.005 0.001 0.002 0.001 0.002 
Fe 0.221 0.181 0.194 0.182 0.234 0.203 0.215 0.233 0.233 0.215 
Mn 0.005 0.005, 0.006 0.005 0.006 0.005 0.006 0.007 0.006 0.006 
Mg 0.933 0.928 0.943 0.946 0.913 0.938 0.917 0.928 0.882 0.96 
Ca 0.795 0.843 0.828 0.817 0.797 0.815 0.805 0.797 0.828 0.769 
Na 0.015 0.013 0.013 0.015 0.016 0.016 0.016 0.014 0.017 0.014 





ELEKDAG CHROME SPINELS 
Ti 0.224 0.219 0.041 0.222 0.214 0.209 0.211 0.2 0.063 0.211 0.21 
Al 21.162 21.19 9.419 20.816 20.907 20.638 20.949 20.859 12.281 20.796 21.2 
Cr 47.906 48.082 59.753 48.005 48.291 48.355 48.192 48.283 56.773 48.37 47.483 
Fe 15.373 15.465 21.922 15.851 15.67 15.437 15.295 15.551 20.781 15.551 15.625 
Mn 0.564 0.515 0.757 0.572 0.566 0.54 0.564 0.539 0.754 0.55 0.544 
kt 15.014 15.013 7.695 15.002 14.93 14.902 14.669 14.996 8.944 15.057 14.972 
Total 100.243 100.484 99.628 100.429 100.58 100.08 99.879 100.427 99.619 100.534 100.034 
Si 0.019 0.008 0.002 0.011 
Ti 0.02 0.016 0.042 0.039 0.031 0.04 0.041 0.041 0.04 0.008 0.041 
Al 2.501 2.015 5.184 5.28 5.238 5.354 5.3 6.128 6.122 3.009 6.034 
Cr 13.333 13.819 10.149 10.081 10.315 10.061 10.068 9.302 9.316 12.798 9.331 
Fe 4.385 4.84 3.534 3.403 3.494 3.358 3.409 3.158 3.17 4.967 3.251 
Mn 0.186 0.199 0.127 0.13 0.13 0.122 0.126 0.117 0.107 0.174 0.119 
MO 3.596 3.16 5.254 5.346 4.983 5.31 5.33 5.496 5.484 3.107 5.498 
Total 24.041 24.056 24.29 24.279 24.191 24.248 24.273 24.242 24.239 24.075 24.274 
Cr/Cr+Al 0.84204876 0.8727422 0.66190569 0.65627238 0.6632161 0.65267596 0.65512754 0.60285159 0.60344604 0.8096413 0.60728929 





ELEKOAG CHROME SPINELS 
Ti 0.212 0.099 0.077 0.22 0.207 0.162 0.216 
Al 21.044 7.929 6.314 17.475 17.931 17.433 18.215 
Cr 47.624 63.029 64.577 51.024 51.052 51.2 51.042 
Fe 15.575 19.595 21.381 16.795 16.288 16.393 16.104 
0.538 0.818 0.866 0.595 0.614 0.601 0.579 
IV 15.033 9.018 7.833 14.012 14.361 13.121 14.289 
Total 100.049 100.562 101.079 100.121 100.454 98.909 100.454 
Si 0.001 0.006 0.005 
Ti 0.039 0.039 0.037 0.013 0.039 0.039 0.039 
Al 6.048 6.096 6.041 3.844 6.018 6.154 6.11 
Cr 9.429 9.403 9.377 11.915 9.386 9.243 9.271 
Fe 3.184 3.157 3.195 4.614 3.192 3.218 3.208 
Mn 0.113 0.118 0.112 0.17 0.114 0.113 0.112 
kt 5.478 5.396 5.49 3.539 5.508 5.494 5.517 
Total 24.244 24.209 24.252 24.099 24.257 24.261 24.263 
Cr/Cr+Al 	0.60922659 0.6066843 0.60818524 0.75607589 0.60932225 0.60031175 0.60275665 
Mg/T4g+Fe 0.68865236 0.6944361 0.68550737 0.70148662 0.68462048 0.68367347 0.6828252 
APPENDIX 3: X-ray diffraction techniques 
Illite "crystallinity" evaluation technique 
Preparation 
Samples were initially broken up in a jaw crushing mill. The aim of the 
following steps was to produce a sample of consistent grain size, which 
otherwise may influence an effect on the measured crystallinity. The crushed 
material was then placed in the bottom of a test tube, and filled up near to the 
top with distelled water. This was then centrifuged for 2 minutes at 2000 
revolutions per minute. Clays in suspencion were then pippeted from the top 
of the tube, and placed into another tube, and the process repeated. The 
material remaining at the base of this tube was then pipetted onto glass discs 
and measured. 
Running conditions 
Samples were placed into the Philips automated diffractometer. The 
samples were scanned from 7-22° qi, at steps of 0.2 ° 0(total running time 25 
minutes per sample). All diffractograms were produced as hard copies using a 
standart plotter. A pure quartz standart was run at the beginning and end of 
the measuring of samples. 
C) Method 
The illite peaks at lOA ° were measured by hand on the hard copy, and 
corrected to the standart using the technique of Weber (1972). This defines 
an illite crystallinity parameter Hbrel, where Hb is the height at half width of 
the peaks concerned: 
Hb (100)quart 
All the samples had distinct single peaks at lOA ° . This data was then 
plotted on a locality basis. 
APPENDIX 4: Organic Carbon Determinations in Sediments 
Ni C S 
1120 0.0000 1.3529 3.1168 1149 	0.1245 	0.5283 	3.1895 
11 21 0.0000 0.4912 3.1827 PLABS 0.0000 	0.1385 	5.2003 
11 22 0.5521 1.1699 Esen 1 	0.0274 	2.3463 	2.1556 
11 23 0.0000 1.0408 2.4896 Esen 2 0.1497 	1.0701 	2.9071 
1124 0.6645 1.3464 Esen 4 	0.0815 	0.2413 	2.3252 
1125 0.1604 0.3308 2.7962 Esen 10 0.1065 	0.5655 	2.5248 
1127 0.1321 0.9568 2.8500 1147 	0.0332 	1.2149 	2: 8931 
11 28 0.0366 0.9400 2.3628 Organic Carbon Determination 11 29 0.0000 0.2850 2.3574 
1130 0.1468 0.5196 3.0106 Method 
11 31 0.0000 0.3780 2.8230 
11 32 0.6065 0.6530 Shale samples were first grounded 
1134 0.1149 0.6337 2.5099 using a mill, under 200 mesh, then were 
11 35 0.0180 0.5908 2.1208 tested for CaCO3 by using 10 % mol HCI. 11 45 0.0000 0.4952 2.6724 
1144 1.9495 0.8866 Since no effervescence was observed, it 
1143 0.0000 0.1704 2.7242 was assumed that the samples were free 
1142 0.0000 0.3440 2.4408 of CaCO3. 
1141 0.1059 0.9118 2.3222 
11 40 0.0000 0.7169 2.8122 
11 39 0.0000 0.2532 2.6414 
At the next step, 15 mg of samples 
1138 0.1157 0.4771 3.2948 weighed and put in a tin capsule. Then, 
1137 0.0000 0.3670 3.2575 these were transferred to a Carlo Erba 
1136 0.1604 0.5172 3.5200 
CNS Analyser, which works at flash 1116 0.6666 0.3612 3.0500 
1115 0.0000 1.4955 1.6409 coinbastion at 1050 ° C. using Cr03 and 
1114 0.1077 0.9032 P2.5891 silvered 	cobalt 	oxide 	as 	oxidation 
1113 0.0087 0.4810 3.2244 catalyst. 	The 	tin capsule raises 	the 
liii 0.0170 0.6712 2.7970 
1110 0.0564 0.5851 2.9853 temperature of the combastion up to 
119 0.0000 0.8111 3.1624 2000 ° C to ensure complete combastion 
II 8 0.0527 0.4861 3.3137 of the sample. 
II 7 0.0000 0.4142 2.9739 
II 6 0.1596 0.9776 3.0507 The gases produced are carried II 5 0.0000 0.3422 2.6639 
114 0.1106 0.3114 2.3154 through a Cu reduction furnace which 
II 2 0.0000 0.1664 2.8825 reduces any NO x to molecular nitrogen. 
Ill 0.1354 0.4927 3.1973 The 	gases, 	CO2. N2, SO2, 	are 	then 
11 61 0.0000 0.6032 2.7630 
1160 0.0000 0.2570 2.3543 separated 	in 	a 	gas 	chromotograph 
11 59 0.0583 0.8497 3.1723 column and measured as a micro voltage 
11 57 0.0966 0.2134 2.1841 response on a thermal conductivity 
1156 0.1153 0.2165 0.5859 
11 55 0.0263 0.5855 2.9544 detector. 	Gas 	peak 	areas 	were 
1154 0.0153 1.1182 2.8403 intergrated 	using 	the 	Carbo 	Erba 
1L53 0.1319 0.4648 3.1354 software and calibrated against known 
1152 0.0083 0.4391 3.1815 
weight of carbon, nitrogen and sulphur, 11 51 0.0000 0.6522 2.5333 
11 50 0.1376 0.5436 2.8325 using the C, N, S stand art, isothicarea. 
SAMPLE LOCATION LIST 
This list contains sample locations that are not shown on the geological maps of 
the areas studied. For an individual group of samples, first, an explanation 
about the locations and then sample number, the topographic map number and 
finally coordinates (x, y) of individual sample locations in that sheet are given. 
KURE COMPLEX LAVAS 
Samples were collected along Azdavay-SogutozU-Senpazar Road. 
TU91 154: Kastamonu E30 sheet 39.8, 21.2 
TU91 155: Kastamonu E30 sheet 39.9, 21.3 	- 
TU91 156: Kastamonu £30 sheet 39.9, 21.4 
TU91 157: Kastamonu E30 sheet 39.9, 21.5 
TU9 170: Kastamonu E30 sheet 25.4, 31.3 
TU91106 Kastamonu E30 sheet 25.3, 31.4 
KURE COMPLEX SEDIMENTS 
Samples were collected along the Devrekani-Catalzeytin Road, to the north of 
Yar aligöz. 
ESEN 1: Kastamonu E32 a4 sheet 90, 25.8 
ESEN 2: Kastamonu E32 a4 sheet 90.2, 25.9 
ESEN 4: Kastamonu E32 a4 sheet 89.4, 27.5 
ESEN 10: Kastamonu E32 a4 sheet 90, 35.4 
ESEN: Kastamonu E32 a4 sheet 90.7, 26.2 
cANGALDAG COMPLEX METABASITES 
Samples were collected along the Tasköpru-Akseki-Say yayla-Boyali-Cat Dere 
village road. 
TU891 10: Kastamonu E32 d4 sheet 0.2, 10.3 
TU89101: Kastamonu E32 d4 sheet 99.8, 10.6 
TU902: Kastamonu E32 d4 sheet 0.2, 9.9 
TU891 15: Kastamonu E32 d4 sheet 14.7, 16.2 
KIRACY: Kastamonu E32 d4 sheet 0.2, 16.3 
AK3: Kastamonu E32 d4 sheet 99.4, 10.7 
TU891 14: Kastamonu E32 d4 sheet 85.6, 0.4 
TU9 133: Kastamonu E31 sheet 69.8, 96.4 
P61: Kastamonu E31 sheet 82.4, 64.4 
G28: Kastamonu E32 sheet 13.3, 15.4 
12TU891: Kastamonu E32 sheet 98.6, 12.7 
TU891: Kastamonu £32 sheet 98.4, 11.8 
TU89 106: Kastamonu E32 sheet 99.7, 10.3 
TU89 100: Kastamonu E32 sheet 13.6, 18.4 
E8926: Kastamonu E32 sheet 0.23, 15.4 
E8940: Kastamonu E32 sheet 0.28, 15.2 
TU893: Kastamonu E32 sheet 85.7, 7.4 
TU8931: Kastamonu £32 sheet 85.6, 7.3 
TU8922: Kastamonu E32 sheet 85.8, 7.5 
ANGALDAG PHYLLITES 
Samples were collected along the TasköprU-Akseki-$ay yayla-Boyali-Cat Dere 
village road. 
Kiraç 1.: Kastamonu E32 sheet 0.44, 	15. 
Cat: Kastamonu E32 sheet 0.5, 16.4 
So5: Kastamonu E32 sheet 	0.24, 18.5 
CatD 1: Kastamonu E32 sheet 0.28. 10.3 
CatD 2: Kastamonu E32 sheet 0.33, 	11.7 
CatD 3: Kastamonu E32 sheet 0.3, 	12.4 
CatD 4: Kastamonu E32 sheet 0.34, 13.5 
Cal) 6: Kastamonu E32 sheet 0.47, 14.1 
Cal) 8: Kastamonu E32 sheet 0.45, 15.6 
Cal) 9: Kastamonu E32 sheet 0.43, 16.2 
GRANITOIDS 
Samples were collected along the KUre-Battallar village road. 
TU9088batg: Kastamonu E31 a3 sheet 55.8, 33.4 
TU9089batg: Kastamonu E31 a3 sheet 55.7, 33.5 
Samples were collected along the Devrekani-Contay village road, near 
Devrekani town centre. 
TU90: Kastamonu E31 c3 sheet 69.8, 0.62 
TU9046: Kastamonu E31 c3 sheet 70.3, 0.64 
TU9048: Kastamonu E31 c3 sheet 70.4, 0.63 
TU9049: Kastamonu E31 c3 sheet 70.6, 0.65 
TU9084devg: Kastamonu E31 c3 sheet 70.7, 0.64 
TU9047: Kastamonu E31 c3 sheet 70.2, 0.63 
DOMUZDAG-SARAYCIKDAG COMPLEX METABASITES 
Samples were collected along the Saraycikdag-Bekirli-Ciftlik-Taskapru road. 
TU8912: Kastamonu F32 sheet 03.2, 73.2 
TU8983: Kastamonu P32 sheet 04.6, 72.1 
TU8986: Kastamonu F32 sheet 05.2, 71.8 
Cif40: Kastamonu F32 sheet 02.8, 70.1 
TU8921: Kastamonu P32 sheet 11.4, 77.4 
TU9 147: Kastamonu F32 sheet 16.7, 76.4 
TU906: Kastamonu P32 sheet 10.5, 74.2 
TU9095: Kastamonu F32 sheet 06.2, 70.8 
DOMUZDAG-SARAYCIKDAG COMPLEX SEDIMENTS 
Samples were collected along the TaskoprU-Kocekli-Saraycikdag-Imamlar 
village road. 
Imamlar 3: Kastamonu F32 sheet 15.8, 72.9 
Imamlar 4a: Kastamonu P32 sheet 16.1, 73.2 
Imamlar 4b: Kastamonu P32 sheet 16.2, 73.4 
Imamlar 5-6: Kastamonu F32 sheet 15.3, 74.2 
Imamlar 8: Kastamonu F32 sheet 16.4, 76.4 
Imamlar 9: Kastamonu P32 sheet 15, 77.2 
Imamlar 14: Kastamonu P32 sheet 14.6, 78.4 
GUMUSOLUGU UNIT METABASITES 
Samples were collected around Imamlar village (Fig. 7.9) and GUmUsoluu-
Kirazbasi road. 
TU904: Kastamonu F32 sheet 16.2, 71.3 
TU906: Kastamonu F32 sheet 16.4, 71.6 
TU9069: Kastamonu P32 sheet 16.7, 72.1 
TU9070: Kastamonu F32 sheet 16.7, 72.2 
TU9071: Kastamonu F32 sheet 16.8, 72.3 
TU90 191: Kastamonu F32 sheet 17.2, 72.6 
TU9091: Kastamonu F32 sheet 17.4, 72.5 
TU9098: Kastamonu P32 sheet 17.3, 72.6 
TU9096: Kastamonu F32 sheet 16.9, 72.8 
91901mam2: Kastamonu F32 sheet 16.8, 71.7 
TU903: Kastamonu P32 sheet 17.1, 69.7 
TU91 140: Kastamonu P32 sheet 17.2, 71.5 
KUNDUZ UNIT LAVAS 
Samples were collected along the Kargi-Kamil-Yukarizeytin road. 
115  0: Sinop F33 sheet 49.3, 54.3 
TU8923: Sinop F33 sheet 48.5, 55.4 
TU8930: Sinop F33 sheet 50.2, 57.3 
TU8917: Sinop F33 sheet 52.1, 58.2 
TU8914: Sinop F33 sheet 54.3, 60.1 
TU8916: Sinop P33 sheet 53.2, 57.1 
TU8914a: Sinop P33 sheet 54.2, 60 
TU908: Sinop P33 sheet 48.3, 52.2 
TU9044: Sinop F33 sheet 49.8, 55.2 
TU91141: Sinop P33 sheet 50.1, 57.2 
TU191 143: Sinop F33 sheet 50.2, 57.4 
TU91 144: Sinop P33 sheet 50.2, 57.5 
TU9 1147: Sinop P33 sheet 50.4, 57.5 
TU9 1148: Sinop P33 sheet 50.4, 57.6 
TU91 149: Sinop P33 sheet 50.5, 57.6 
TU91152: Sinop F33 sheet 50.7, 57.7 












Formation of North Anatolian Transform Fault 
Closure of Palaeotethys 
i KOSDAG UNIT i KARGI UNIT 
opoIha 
opolc mélange 	
basic and 	 Obduction of Late Mesozoic ophiolite and 
acidic volcanics 	accretion of the Kosdag arc 
Initiation of extension related to opening of 
Black Sea marginal basin, exhumation of 
blueschists 
Northward subduction of Mesozoic Tethys 
Stabilisation of the margin and 




















































II ELEKDAGOPHIOLITE 'l 
 
Collapse of the KUre basin 
Accretion of the Kargi Complex at the trench 
Collapse of the platform (Palaeozoic of 
Istanbul) 
Pm-arc spreang 
Genesis of boninitic crust 
Genesis of Elekdag Ophiolite 
Initiation of subóction of Palaeotethys 
Rifting of the Küre and Kocaeli basins 
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GEOLOGICAL MAP OF THE ALISARAY AREA 
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GEOLOGICAL MAP OF THE KARADERE VALLEY 
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MarI-limEstone 	KASTAMONU-BOYABAT BASIN 	Palaeocene-Eocene 
LC Caglayar Formation 
Inalti Formation Late Jurassic-Lower Cretaceous 
Burnuk Formation 
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